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Pierre Simon de Laplace, 1749-1827 


Though, after the appearance of the Principia, the 


© Newtonian theory of gravitation was enthusiasti- 


cally accepted in England, mathematicians on the 
Continent of Europe were unanimous in their hos- 
tility. They preferred the theory of Descartes, 
which attempted to explain the motion of the 
bodies of the solar system by a combination of 
vortices. The general diffusion, in France and be- 
yond, of the doctrine of gravitation was due pri- 
marily to Voltaire, who in 1738 published a lucid 
and popular account of Newton’s discoveries; this 
small work was widely read and paved the way for 
the general acceptance of the Newtonian theory. 
Newton himself had developed it in its broad out- 
lines, but the task remained of proving that it 
could account in detail for the motions of all the 
bodies in the solar system. During the eighteenth 
century Newton’s own countrymen contributed 
little to this task; its performance was left to a group 
of brilliant Continental mathematicians—Euler, 
Clairaut, D’Alembert, Lagrange, and Laplace. 
Their work was made possible by the researches of 
Leibnitz and of the two Bernouillis in the develop- 
ment of the new differential calculus, which pro- 
vided them with a powerful analytical tool. The 
neglect of these methods in England was the result 
of the estrangement between British and Continen- 
tal mathematicians, which developed from the un- 
fortunate quarrel between Newton and Leibnitz. 

The most important share in the great task was 
taken by Pierre Simon de Laplace, who was born 
two hundred years ago on 23rd March, 1749. 
Laplace has appropriately been called the Newton 
© of France. He took as his life’s work, from which 
She never deviated, the detailed application of the 
| Newtonian law of gravitation to the entire solar 
® system. He had to work out the effects of the 
mutual gravitational perturbations of all the mem- 
» bers of the Sun’s family of planets on each other 
f and on the Sun. The first great question which 


required an answer was whether the cumulative 
effect of these perturbations could become suffi- 
ciently large to render the solar system unstable. 
Important contributions to this problem were 
made by Laplace and by his equally great con- 
temporary, Joseph Louis Lagrange, but the final 
step was taken by Laplace, who proved that, what- 
ever the relative masses of the planets, the inclina- 
tions and eccentricities of their orbits, if once 
inconsiderable, would always remain so, provided 
the planets all revolved round the Sun in the same 
direction. The solar system is therefore stable. 
Between Lagrange and Laplace there was an 
essential difference. Lagrange valued elegance 
and generality of treatment; a particular problem 
was the occasion for the application of a general 
method. Laplace, on the other hand, used mathe- 
matics as a tool, which he modified to suit each 
special problem in the pursuit of his single central 
objective. The work that he did in fields other than 
celestial mechanics was done because new tools 
were needed to deal with some of his problems. 
It was in this way that Laplace came to develop 
the theory of the potential function, a concept 
which shows the inspiration of genius. Even if 
Laplace had done nothing but this he would still 
be justly ranked among the immortals. The intro- 
duction of the potential function was one of the 
biggest strides ever taken in mathematical physics. 
With Laplace’s coefficients it provided a powerful 
calculus for an attack on the physical problems 
of fluid motion, of elasticity, of the conduction of 
heat, and of electro-magnetism. From it has de- 
veloped one branch of the mathematics of boun- 
dary-value problems. Laplace himself introduced 
the potential primarily to deal with the attractions 
of spheroids and the figures of the planets. 
Laplace’s investigations in pure mathematics, 
such as the reduction of the solutions of linear 
differential equations to definite integrals, and his 
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solutions of linear partial differential equations of 
the second order, were undertaken for the same 
purpose. So also was his epoch-making work on 
the theory of probability, which was essential for 
dealing with large numbers of observational data. 

The contributions of Laplace to the subject of 
gravitational astronomy are too numerous to re- 
cord in detail. He did more than lay the founda- 
tions of celestial mechanics; he built practically 
the whole edifice, leaving relatively little to his 
successors. He worked out in great detail a new 
treatment of the lunar theory; he provided the 
explanation of the secular acceleration of the mean 
motion of the Moon, which had defied the attempts 
of so many astronomers; he developed the theory 
of periodic and secular perturbations of planetary 
and lunar motions; he accounted for the long in- 
equality of Jupiter and Saturn—which appears as a 
slow alteration in their rates of motion—as arising 
from the near commensurability of their mean 
-motions; he investigated the figures of equili- 
brium of a rotating fluid; he developed the theory 
of the figure of the Earth; and he made improve- 
ments in the theory of the tides. 

All these results were collected together, and 
co-ordinated with the results of his predecessors 
and contemporaries into a reasoned whole, in his 
great work, the Mécanique Céleste, which appeared in 
five volumes between 1799 and 1825. In it, the 
theory of the planetary system is presented in a 
state of almost complete development. The re- 
maining discrepancies between observation and 
theory were small in comparison with those 
which had been removed. The treatise is difficult 
to read because the mathematical exposition is 
extremely concise; the frequent remark ‘Il est aisé 
a voir’ must not be taken literally. 

Laplace was almost as great a writer as a 
mathematician. His celebrated treatise had been 
preceded in 1796 by a popular account of the main 
results, the Exposition du Systéme du Monde. In this 
charmingly written work there is neither a single 
diagram nor an algebraical formula; the exposi- 


tion is lucid and straightforward. It was in the 


-last appendix to this work that he advanced his 


famous nebular hypothesis of the origin of the 
solar system, for which he is best known outside 
the circles of professed astronomers and mathe- 
matical physicists. Laplace drew attention to 
certain remarkable characteristics of the solar 
system, from which he inferred that the system 
could not have originated by chance. He sug- 
gested that it had been formed by condensation 
out of a nebula, and he sketched a process by 
which, if endowed with rotation, the latter might, as 
it contracted, throw off a series of rings which in 
turn might condense into planets, with or without 
satellites. The theory in this form is untenable, 
because of difficulties about angular momentum; 
various modifications have been attempted, none 
of which is entirely free from objection. There is 
today still no satisfactory theory of the origin of 
the solar system. Laplace referred to the details of 
his hypothesis as ‘conjectures which I present 
with all the distrust which everything that is not 
a result of observation or of calculation ought to 
inspire.’ It is not his fault that many of the ex- 
pounders of his nebular hypothesis have taken it 
more seriously than did he himself. 

The long non-mathematical introduction to his 
other great work, Théorie analytique des Probabilités, 
shows the same clarity of style as the Exposition du 
Systéme du Monde. It was the quality of his writing 
which gained for him the distinction, unusual for 
a mathematician, of election as one of the forty 
‘immortals’ of the Académie Frangaise. 

In the personality of Laplace there were ele- 
ments that we cannot admire, but in scientific 
matters he would not compromise, and he was both 
honest and courageous in upholding his opinions. 
His work had a profound influence on the develop- 
ment of science in the eighteenth century. In his 
estimate of his own work he was modest, and his 
last words are reported to have been ‘Ce que nous 
connaissons est peu de chose; ce que nous ignorons est 
immense.’ 
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Genetic particles 
Cc. D. DARLINGTON 





In recent years the chemical approach to the study of genetics has proved an increasingly 
valuable supplement to the organismal one. Much progress has been made towards identify- 
ing the various particles—apparently self-propagating proteins—which determine genetic 
processes; towards locating these particles in different observable structures in the cell; and to- 
wards discovering their relative importance in respect of heredity, development, and infection. 





It is obvious to us, although it was by no means 
obvious to the fathers of biology—Darwin, 
Mendel, and Pasteur—that the property by which 
like begets like in organisms must rest on a similar 
property among certain of their molecules. At a 
molecular level there must be determining par- 
ticles owing their property of determination to a 
high activity and a capacity for self-propagation. 
These determining particles were already be- 
coming chemically identifiable within the germ 
cells when Miescher, in 1871, discovered nucleic 
acid, and a contemporary philosopher, Engels, 
was able to speak of life as ‘the mode of activity of 
proteins.’ But, in fact, it is only during the last 
fifteen years that we have been able to sort out 
the different kinds of determinant, to allocate 
them to different parts of the cell, and to assign 
them to the different modes of propagation and 
degrees of permanence that we describe under the 
names of heredity, development, and infection. 
During the nineteenth century it had already 
become clear that most of the important struc- 
tures and all the important changes recognizable 
as essential to life were bound up with proteins— 
hence the definition just given. During the last 
fifteen years it has become clear that the proteins 
essential to growth, i.e. to the formation of new 
proteins, are bound up with the nucleic acids. 


THE NUCLEUS 


The nucleic acids or their precursors can be 
recognized in cells by their differential reactions 
to enzymes, stains, and ultra-violet light. They 
occur almost exclusively in proportion to the acti- 
vity of the cell in protein production. The highest 
concentrations are thus found in the eggs, and in 
the meristematic and tumour cells, -whether of 
plants and animals. Leucocytes, and the tissues of 
rapidly growing young embryos, which have been 
producing proteins to the limit, are starved of 
nucleic acid. An experiment of Caspersson’s con- 
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firms the evidence. Yeast (whether it is fermenting 
or not) in the absence of a source of nitrogen is 
starved of nucleic acid. But, when protein pro- 
duction becomes possible, its stock is at once 
restored. 

The meaning of this primary function of the 
nucleic acids appears when the structures of cells 
are chemically described. Cells contain a variety 
of self-propagating particles, all of which seem to 
consist of proteins in association with nucleic acids. 
Outside the nucleus these particles contain nothing 
but the ribose form which is associated equally 
with the plastids of plant cells, with the large 
microsomes that Claude has separated from animal 
cells, and with the smaller viruses. 

Inside the nucleus there is also ribose nucleic 
acid. In addition, attached to the chromosomes, 
especially during mitosis, is its desoxyribose relative. 
This molecule is the king-pin of cell-multiplication 
and. heredity. By its capacity for indefinite poly- 
merization, probably in columns of variable 
spiralization, it is responsible for a large part of 
the active performance of the spiralizing chromo- 
somes at mitosis (figure 9). It is also probably the 
agent of their multiplication (figure 11). It main- 
tains their specificity and, as in transforming 
Pneumococcus, it can even impose a new specificity. 
But in protein production, as opposed to self- 
propagation, the decisive part is played by the 
cytoplasmic form, the ribose nucleic acid, of which 
active protein-producing nuclei keep large quanti- 
ties stored in a special body, the nucleolus (figure 10). 

The activities of the chromosomes in protein 
production are laid out in a diagrammatic way, 
as Caspersson has shown, in the two kinds of 
chromomere-producing nuclei: in the salivary 
gland nuclei of flies and in the meiotic nuclei at 
the beginning of the germ-cell-forming divisions. 
The genes in these nuclei are charged with nucleic 
acid but are engaged in protein production. The 
successive genes acting as units thus push one 
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another apart on the chromosome string. They 
then come to appear like beads on a thread, of 
unequal size and unequally strung together 
(figure 10). 

In the salivary gland nuclei of Drosophila two 
kinds of chromomere can be made out. There are 
large ones which produce large proteins and have 
strong pairing affinities for their opposite numbers 
in the partner chromosome, and there are small 
ones which produce small proteins and have weak 
affinities. The first, which comprise what is known 
as euchromatin, contain all the genes with highly 
specific mutations. The second, which comprise 
the heterochromatin, were long believed to be inert 
but are now known to contain those genes which 
Mather describes as polygenes, whose mutations 
have a slight and repetitive effect. 

In view of the parallel distinction between two 
kinds of chromomeres and two kinds of gene muta- 
tions it seems likely that size, specificity, and com- 
plexity are related both in the gene and in its 
products. In this case a succession of small chro- 
momeres would be due to replication of similar 
elements, and the formation of large ones to inie- 
gration of dissimilar elements, somewhat in the 
following way: 


0-0 —0—0-- 0 
/=X—-X——-X——-XK—X— 
—m—m—m—m—m— 


Heterochromatin 
(small chromomeres) 


—omxox— 
—xmxom— 


Euchromatin 
(large chromomeres) 


In many plants and animals the heterochromatin 
can be specifically starved of nucleic acid by allow- 
ing nuclei to undergo mitosis below freezing point. 
It then appears as unstained blocks in the meta- 
phase chromosomes (figure 11; cf. ENDEAVOUR, 
Vol. 1, 1942, p. 105). Further, a general or un- 
specific nucleic acid starvation—or its opposite, 
a surfeit—occurs normally in all organisms as a 
process of differentiation. In the bone marrow 
cells of mammals, for example, the white blood 
corpuscle precursors, as La Cour found, are starved 
and the red surfeited. This differentiation is 
exaggerated in pernicious anaemia, so that a 
cancer-like condition of the red precursors is 
induced. The sticky chromosomes and many- 
poled spindles produce daughter cells with defec- 
tive nuclei which cannot live (figure 7). 

The functions of chromosomes and genes in 
protein production are the basis of almost the 
whole of genetics and cytology and almost the 
whole of biological permanence. No one doubts 
that their continuity, their specificity, and their 
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balance underlie the continuity, the specificity, 
and the balance of heredity in all the higher 
organisms. Outside the nucleus we have been, 
until recently, on much more uncertain ground. 
It is this ground that we must now explore. 


CENTROSOMES AND CENTROMERES 


A Paramecium which has been deprived of its 
gullet cannot reconstruct it. There must thus be 
genetic determinants in the cell which are invisible 
but none the less irreplaceable. Under the micro- 
scope we can make out three varieties of visible 
body with some kind of continuity. First, there are 
the organelle-forming bodies of single-celled forms 
of life. These, especially the ones attached to fla- 
gella and other organs of movement, are chiefly 
fibre-secreting bodies. Some of them can be seen 
to divide when the organism divides. 

The second type of body is the centrosome, or 
spindle organizer, found in animals and lower 
plants. This body is also concerned with the 
secretion or arrangement of fibres. It organizes 
fibrous cell proteins to form the spindle whose 
liquid-crystal structure permits the regular and 
polarized movement of chromosomes when the 
nucleus and the cell divide at mitosis (figure 1). 
The centrosome propagates itself (figure 2). It is 
brought into the egg (which loses its own ceniro- 
some) by the sperm, and when two sperms enter 
the same egg a spindle with three or four poles 
is formed. 

Spindles are normally formed in conjunction 
with the chromosomes. Do they indeed require 
the chromosomes to help in organizing them and 
to keep their centrosomes multiplying? In the 
newt Triton taeniatus Fankhauser has tested this 
possibility. He split the egg with a thread and - 
allowed the half without a nucleus to be entered by 
a single sperm, the nucleus of which then divides to 
give haploid nuclei and cells. The centrosomes of 
these cells, however, split out of step with their 
nuclei, and cells are found dividing with the 
wrong number of centrosomes and consequently 
having the wrong number—one, three, or four— 
poles to their spindles. These give rise in due 
course to daughter cells lacking chromosomes of 
the haploid set, and some indeed without any 
chromosomes at all. At an early stage of develop- 
ment, when nothing new is being produced, such 
cells can continue to live and may divide a few | 
times. Fankhauser’s experiment thus shows that the 
centrosomes can divide in cells without nuclei or 
chromosomes. It shows that the centrosome is 
genetically self-sufficient and entirely capable 
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alone of arranging fibrous proteins so as to form 
a spindle. 

In the higher plants there are no centrosomes, 
and the spindle is organized by the chromosomes 
alone. A special organ known as the centromere 
is responsible. The centromere is active, secreting 
or organizing the spindle fibres, during mitosis. 
When all the other genes are coated with nucleic 
acid it alone remains naked. At the end of this 
activity it suddenly splits, to pull the daughter 
chromosomes apart towards opposite poles of the 
spindle it has organized. Metaphase is followed by 
anaphase (figure 1). It seems as though the centro- 
mere cycle on the spindle, like the ordinary gene 
cycle inside the nucleus, is due to a change from 
production to reproduction. The difference in the 
timing of activity of gene and centromere goes 
with a difference in the timing of nucleic acid 
charging. 

Where the centrosome and the centromeres are 
both present they work together, and it is difficult 
to distinguish their activities except by their 
positions—inside and outside the nucleus. There 
is even some particular evidence in the sperm 
formation of molluscs that the centrosome is 
nothing more than a disembodied centromere 
liberated in the cytoplasm a very long time ago 
and unchanged ever since. 

We. might expect a cytoplasmic determinant to 
be capable of varying degrees of aggregation. In 
view of the analogy between centrosomes and 
centromeres it is therefore interesting to note that 
the centromere is an aggregation. Normally it 
splits lengthwise to give equal and legitimate 
daughters. Abnormally it can split crosswise. It 
then gives unequal and illegitimate daughters— 
illegitimate because in arising they break the 
chromosome in half and give two new shorter 
chromosomes with terminal centromeres of re- 
duced size. These new fragment centromeres are 
sometimes capable of doing the job of their parent 
centromere, which must therefore have arisen by 
the replication of a smaller unit. . It is a multiple 
gene. No doubt the replication has been allowed 
to go far enough to give the best-adjusted me- 
chanism. 

It is fundamental for our understanding of 
genetic particles to know how this misdivision of 
a centromere takes place. Nuclear genes can 
organize proteins in two directions. Normal 
action must be perpendicular to the axis of the 
chromosome. When chromomeres are produced, 
action is along the axis of the spindle. The centro- 
some, on the other hand, acts radially in all 


directions to give an aster before the spindle 
develops. The centromere, we now see, can act 
in two alternative directions. In its normal divi- 
sion its propagation has followed the normal direc- 
tion of its action, perpendicular to the chromo- 
some axis. In its misdivision it is unable to pro- 
pagate itself and its action is then twisted through 
a right angle, so that the fibres it secretes rend it 
asunder into two parts (figure 12, p. 59). 


. PLASTIDS 

The third type of genetic body visible in the 
cytoplasm is the plastid responsible for the develop- 
ment of chlorophyll in green cells. In the algae 
and protista the plastids demonstrably arise only 
from pre-existing plastids; they are often fixed in 
number and their physiological properties can be 
studied in a variety of ways. For example, the 
flagellate Euglena gracilis, with a favourable supply 
of peptone broth, multiplies faster than its own 
plastids, so that (as was suggested in 1912 by 
Ternetz) there is in the end only one plastid to be 
divided among two daughter Euglenae. One of 
them has to go without. In this way an irretrie- 
vably white race is brought into existence. 

In the higher plants the visible continuity of 
the plastids is hard to show: small and colourless 
as they are, and not differentially stainable, they 
are too inconspicuous in the embryonic cells. By 
experimental breeding, however, they have been 
made to reveal a marvellous repertory of genetic 
properties. Indeed, they reveal all those founda- 
tions of the physiology of permanence which have 
not already been disclosed by the chromosomes 
themselves. 

The simplest condition is shown by the com- 
parison of two kinds of chlorophyll defect in the 
Chinese primrose. One is strictly Mendelian in 
its recombinations: AA, Aa, and aa are green, 
yellow, and white respectively. The yellow is 
short of chlorophyll but can live. The white or 
albino almost totally lacks it and dies as a seedling. 
Thus these differences in plastid action are strictly 
under nuclear control—to be precise, they are 
due to a single gene change. 

The second defect is seen in a yellow-leaved 
form of the same species, all of whose progeny 
are yellow like itself—no matter whether it is self- 
pollinated or crossed with a green plant. The 
inheritance is solely through the eggs. It is matri- 
linear. Some determinant is carried by the eggs 
which is not carried by the pollen. What is this 
determinant? The answer was provided quite 
clearly by Erwin Baur’s experiments with the 
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zonal pelargoniums in 1909. Many of these orna- 
mental plants are variegated. They consist of 
fairly stable combinations of green and white 
tissue, in which the cells without chlorophyll form 
a regular skin over those with chlorophyll, or vice 
versa. 

Occasionally mixed green and white plants— 
chimaeras, as they are called—sport a shoot which 
is wholly green or wholly white. A white shoot is 
of course parasitic on the rest of the plant. Either 
of these pure shoots will breed true if its flowers 
are self-fertilized. But a white shoot can also be 
crossed with a green shoot reciprocally, i.e. both 
white eggs with green pollen and green eggs with 
white pollen. Again, some of these crosses show a 
purely Mendelian inheritance; that is to say they 
display a second generation segregation of the 
alternative types. Others show something dif- 
ferent—a first-division segregation. Green, varie- 
gated, and white seedlings appear together from 
the cross. Moreover, the variegated seedlings 
develop by the emergence of green and white 
sectors of tissues sometimes as early as in the 
cotyledons (figures 5 and 6). Baur’s explanation 
was that the plastids were responsible for their own 
inheritance. They were autonomous, but they were 
brought into the fertilized egg by the pollen as well 
as by the egg itself. Inheritance, although not 
Mendelian, was thus still biparental. The mixed 
cells in the embryo could then, by random distri- 
bution of the green and white plastids, give some 
purely white, and some purely green, cells and 
tissues. 

When the numbers of green, white, and mixed 
seedlings are counted in the progeny a further 
remarkable fact appears. There are more white 


seedlings from the green mother than from the 


white. Not the maternal but the paternal side 
seems to prevail in inheritance, as is shown in the 
table. 


Results of reciprocal crosses between green and white 
shoots in Pelargonium; from Baur (1909) and 
Chittenden (1925) 





Green Variegated 
(per cent.) | (per cent.) 


280 77 13 


9x Total 





Gx WwW 





W x.G 93 72 28 























So deeply has: it been felt necessary for non- 
Mendelian inheritance to show a reciprocal dif- 
ference in favour of the egg-parent that no one 


has ever noticed the lack of any maternal pre- 
dominance in this, the classical example.’ It is 
no doubt possible for pollen to contribute more | 
than the eggs, but in this case that need not be 
assumed. It will be noticed that the proportion | 
of variegated seedlings is higher with the white — 
mother, and also that the white mother’s fertility — 
is heavily reduced (for the reciprocal crosses were 
probably in equal numbers). Rather it seems 
therefore that, on the green mother, we get a com- 
plete survival of the embryos and hence an un- 
impaired ratio of types. On the parasitic white 
mother, with poorer nutrition, the fertility is 
reduced no doubt by the elimination of most of 
the less viable embryos—those 200 or so which = 
should have arisen with white plastids only. 

The origin of the variegated chimaeras in 
Pelargonium became clear much later from studies — 
of species crosses in Oenothera, the evening prim- 
roses. Here Renner found that reciprocal crosses 
often differed in plastid character. The plastids 
were largely transmitted through the egg; only a — 
trace came over in the pollen tube. The plastids — 
of one parent were colourless in the hybrid, while 
those of the other were green. Thus, if we label 
the nuclei and the plastids A and B according to 
the species they come from, we can make out the 
following scheme: 





Nucleus Plastids 
AB 


AB 


Cross 





AQ x BS 
Bo x Ag 


White (A) + trace of green (B) 
Green (B) + trace of white (A) 

















The whites with a trace of green die. The greens 
with a trace of white live and sort out their 
plastids as in Pelargonium: sometimes they give 
wholly green shoots and less often wholly white | 
ones. From such crosses many variegated plants 7 
known in horticulture may have arisen. 

An important question now arises. Are the 
white A plastids white because the strange AB 
nucleus has made them change their genetic | 
character, or mutate as we may say? Or have ~ 
they changed their appearance and activity | 
merely for the time being, and because the AB 
nucleus is keeping them starved? When eggs 
with A plastids from white shoots on the mixed | 
plants are crossed back with pollen of the A father, 
half the progeny have AA nuclei. They are green | 





1 Baur added his reciprocal classes together and Chit- © 
tenden did not add up his classes at all. Neither gives the © 
numbers of flowers pollinated. 
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FiGuRE 1 — The arrangement of the mitotic spindle in large cells. (Left) White fish egg cleavage division, from Darlington and 
‘La Cour, 1947 ( X 3,600); (Right) embryo sac of a lily, Fritillaria pudica, with no centrosomes and a skew spindle formed by 
the centromeres (acetic lacmoid preparation). (xX 800) (Photographs by P. C. Koller and L. F. La Cour.) 
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PIGURE 2 — Meiosis in a spider, Tegenaria 
domestica, showing the division and move- 
ments of the daughter centrosomes and their 
ation of the spindle at meiosis, from 
Revell, 1947. a—c prophase, d metaphase, 
de anaphase. ( X 3,200) 








FIGURE 3-—a and b, Pods amg 
leaves of rogue (left), intermeciatgy 
and type (right) peas of the variey 
‘Early Giant’; c, a leaf of an inten 
mediate plant which is rogue on the 
left and type on the right side ows 

to a sorting out of plasmagenes 
cell division. Batesan (unpublished), 
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FIGURE 4 — Paramecium aurelia in conjugation. (Left) (living preparation with visible cilia), normal mating, showing the ov 
lapping gullets. Only the micronuclei are being exchanged. (Right) ( fixed and stained preparation), later stage, with artificially delaje 
separation; a broad band joins the two mates and permits the exchange and consequent mixture of their otherwise maternally inherit 
cytoplasmic materials. The deeply stained macronuclei are in disintegration. ( 300) (Photographs reproduced by courtesy of Professor T. M. So 





2E 5 — Seedling of zonal 
mium, green X white, show- 
separation of green and white 
in the cotyledons owing to 
ing out of plastids in cell 
n. Bateson (unpublished). 


FIGURE 6 — Seedlings as in figure 
5 at a later stage of development. 
(Approximately natural size. 
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FIGURE 7 — Mitosis in the precursors of the white (a) and red (b) blood cells in the marrow of a man with pernicious 
anaemia. The exaggerated differentiation in nucleic acid charge and protein production gives a multiple spindle in one and an 
ineffective spindle in the other. From La Cour, 1944. ( X 3,400) 
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FIGURE 8 — (Left) Multiple spindle in a dividing cell of carcinoma of the cervix of the womb. (Right) Polyploid cell — 
resulting from such an abnormality side by side with diploid cells. ( x 3,000) (Preparations and photographs by P. C. Koller.) 
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FIGURE 9 — The chromosomes at the first division of meiosis in the pollen mother cell of a triploid Tradescantia with each of; 
six chromosomes represented three times. They are partly in threes and partly in twos, with the third unpaired. The sexual cells or game 
will have various numbers of chromosomes, from six to twelve. The even triploid balance is maintained in all the vegetative cells o 


plant by the regular division of the chromosomes at mitosis: there is no sorting out except at meiosis. ( X 1,300) 
(Acetic lacmoid preparation and photograph by G. Roy 


- La 
FIGURE 10 — Prophase of meiosis in a pollen mother cell of Fritillaria  FiGURE 11 — Amaphase of mitosis in Trillit 
recurva, showing the chromomere structure of the paired chromosomes. The grandiflorum, showing failure of gene reprodué 
large dark bodies are blocks of heterochromatin heavily charged with desoxy- in segments of heterochromatin starved of nucleic @ 
ribose nucleic acid. The nucleolus is unstained and therefore appears asa  Feulgen staining. From Darlington and La G 


refractive cavity. (Xx 1,800) (Feulgen preparation and photograph by L. F. La Cour.) 1940. ( X 1,200) 
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FIGURE 12 — Protein production and orientation. 


again. Evidently their plastids have not mutated. 

Plastids can, however, mutate in the species and 
hybrids of Oenothera. Indeed, they can probably 
do so in all species of green organisms, including 
Euglena. They mutate not as a mass change of all 
plastids but as a change of individual plastids 
sporadically during development. Their change has 
then the same apparent and spurious indeterminacy 
as the mutation of genes and the breakdown of 
radium atoms. Special nuclear genes have, how- 
ever, been found in barley, rice, and maize which 
cause the plastids to mutate frequently enough to 
give a regular variegation and a noticeable fre- 
quency of white seedlings. 

Part of the character of plastids which they 
retain, according to Renner, in combination with 
various nuclei, consists in a characteristic rate of 
. propagation (irrespective of whether it is green or 
white) in relation to a given nucleus. Naturally 
there is a limit to the number of plastids any cell 
will hold, so that with variable rates of multiplica- 
tion there must be competition among the dif- 
ferent plastids in a mixed cell. Renner in fact 
found that in his Oenothera crosses the conditions 
of this competition between pairs of plastid types 
varied under different nuclei. 


PLASMAGENES 


The continuity and permanence of plastids now 
seem to justify us in attributing to their nucleo- 
protein determinants a similar structure and a 
similar name to that of nuclear genes. They are 
known as plastogenes. Their great importance is in 
the guidance they give us in entering the other- 
wise uncharted field of the cytoplasm. Can it 
be that similar determinants—plasmagenes—exist 
there, unattached to large and labelled products 
like the plastids and the chromosomes, but never- 
theless of permanent physiological importance? 

This is what the work of the last ten years has 
established. In Paramecium aurelia, Sonneborn, by 
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FIGURE 13 — Graph showing (i) the preponderant effect of 
the male gametes in the inheritance of the rogue character in 
reciprocal crosses of intermediate rogues and types in the pea; 
and (it) the increase in the proportion of rogues in the progeny 
of the higher nodes which show the rogue character most 
strongly. Extracted from the data of Bateson and Pellew, 
1920. 
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a remarkable series of experiments, has discovered 
that a capacity for killing other animalcules is de- 
rived from certain kappa particles in the cytoplasm. 
These particles depend for their propagation on 
the production of a necessary precursor substance 
by a nuclear gene, K, which is absent from some 
strains. Thus a cross between a killer and a non- 
killer strain of Paramecium may take the following 
course: 


Killer x Sensitive 


Fy 
F, 


(Killer) 
1KK : 2Kk : 1kk 
Killer 

Thus the killer property is restricted to the female 
line. It is also restricted to the animals carrying 
a K gene. This means that the kappa particles 
cannot be made by the nucleus alone or by the 
cytoplasm alone. 

In Drosophila melanogaster a remarkably instruc- 
tive plasmagene has been thoroughly tracked 
down by the work of L’Héritier. It is the CO,- 
sensitivity ‘genoid.’ The genoid is predominantly 
inherited through the mother. It is also (unlike 
kappa or the plastids) an adaptively neutral or, as 
we might say, futile variation: the question as to 


(Sensitive) 
1KK : 2Kk : tkk 
Sensitive 
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whether a fly is sensitive to carbon dioxide or not 
cannot arise in nature. 

The Drosophila and Paramecium plasmagenes 
show two properties in common that are of pro- 
found significance. They are both capable of 
infection. When two animalcules are persuaded to 
stick together too long in mating, one can infect 
the other with kappa particles. Again, the serum 
of a sensitive fly, injected into a non-sensitive, will 
endow the fly’s eggs with transmitted sensitivity: 
in other words, the particle is diffusible and arti- 
ficially infectious. It is not, however, naturally 
infectious, and it is this which distinguishes a 
plasmagene from a neutral virus. The virus of 
‘breaking’ in tulips has remained in equilibrium 
in certain vegetative clones for hundreds of years, 
doing them no harm. It is neutral, but it is trans- 
mitted naturally by an aphid and is therefore 
a true virus. Such true viruses must often have 
arisen in the recent or remote past by trans- 
plantation or mutation of self-propagating pro- 
teins in the cell. 

The second common property of kappa and the 
genoid is that of showing a limited rate of propa- 
gation in the cell. When the parent (or host, shall 
we say ?) organism is grown at a high tempera- 
ture its cells can be made to multiply more quickly 
than their plasmagenes. It grows away from them 
just as Euglena may grow away from its plastids. 

Before we follow up this clue there is yet another 
primary problem connected with the plasmagene 
that we must look into, viz. that of development. 
In many plants, abnormalities of development are 
known which are transmitted to all progeny as 
though by a virus. Of these hitherto mysterious 
misfits the most remarkable is the rogue character 
of various cultivated plants. In peas, the rogue 
appears as a narrow-leaved mutant in most of the 
broad-leaved varieties. In mutants of one variety, 
viz. Sutton’s ‘Early Giant,’ Bateson and Pellew 
found that the rogue character developed gradually 
as the plant grew, reaching an extreme at the top. 
Further, they found that such roguish plants gave 
a higher proportion of rogues from the top parts, 
where the leaves were narrowest. Finally, what 
was most astonishing (and indeed, at the time, 
disconcerting), in reciprocal crosses with normal 
plants the pollen carried the rogue character 
more effectively than did the eggs (figure 13). 

An explanation of all these properties is now 
almost self-evident. The rogue character is deter- 
mined by a plasmagene which arises by mutation 
early in development. It multiplies faster than the 
cell, although not much faster in the early stages 
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of development, and it is concentrated in the 
pollen grain, which is the slowest-growing cell in 
the plant. 

This view is borne out by two additional pieces 
of evidence. Shoots sometimes occur which are 
patched with rogueness just as variegated plants 
are patched with colour (figure 3c), and in rogue- 
type crosses, when growth is hastened by the steri- 
lity of the flowers, the development of the full 
rogue character is deferred (Pellew, 1928). 

Another important step in showing the part 
played in development by self-propagating par- 
ticles in the cytoplasm has been taken by Spiegel- 
man, working with yeast. Here it seems that 
important enzymes depend for their propagation 
both on nuclear genes, which provide their pre- 
cursors, and on a substrate, which provides the 
materials fermented. This system gives us a 
credible account of the permanence of character 
of tissues in the higher animals. 

The validity of such concepts is revealed by 
the circumstances of their occasional breakdown. 
It is a common observation that in piebald mam- 
mals—pigs or guinea-pigs—the black coloration 
of the skin covers a wider area than the black 
fur. Billingham and Medawar have made trans- 
plantation experiments to discover the cause of 
this spread of skin colour. They find that the 
black pigment is formed in cells in white areas 
which would not themselves normally form it. 
They are transformed as a result of infection 
from their black neighbours by a pigment deter- 
minant. This determinant must be a self-propa- 
gating protein, probably an enzyme, or a precursor 
of an enzyme, necessary for pigment production. 
Thus in an entirely neutral situation the basis of 
differentiation may be broken down by infection. 
The infection too is something new in being an 
internal infection. It is external only from the 
point of view of cell lineage and particle genetics. 


CANCER 


No less illuminating is the application of plas- 
magene theory, or particle genetics, to the de- 
velopment of tumours. In both plants and animals 
there are chemical agents, known as carcinogens, 
which change the properties of mature cells so as 
to make them resume growth and division. The 
new cell-lineage created by this mutation never 
returns to its normal character; it may change, 
but only by diverging further from that character. 
The production of proteins and nucleic acid is so 
enhanced that even the chromosome mechanism 
may break down: polyploid and fragmented 
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nuclei are formed like those arising under similar 
conditions in the red-cell precursors during perni- 
cious anaemia. 

The agents producing these changes most effec- 
tively are not the ones like the non-specific 
radiations known to yield ordinary gene muta- 
tions. They are chemical and specific. Moreover, 
some of them (e.g. aminoazobenzene) are even 
specific in their action on certain tissues. Now the 
cell nucleus is constant in nearly all tissues. Only 
the cytoplasm varies. Thus it seems to be the 
cytoplasm which reacts to the carcinogen. Cancer 
would thus owe its origin to a mutation in the 
self-propagating protein system of the cytoplasm, 
that is in a plasmagene. 

The tumour thus represents a reversal of the 
normal government of the cell. In normal de- 
velopment the nucleus is in control. In the tumour 
the cytoplasm takes the bit between its teeth— 
with unhappy consequences. One of these conse- 
quences is that the new cell-lineage de-differen- 
tiates. Its enhanced rate of propagation, as a 
whole, is too great for some of its individual species 
of constituent. They are sorted out. 

On this view also it now becomes possible to 
understand the different types of transmissibility 


in tumours. Some can be transplanted only by 
grafting, others can be injected by cell-free ex- 
tracts, and others again are naturally infectious 
and therefore genuinely describable as viruses. 
In view of the fact that some plasmagenes are 
diffusible and others not, this variety of capaci- 
ties in natural tumours is only what we should 
expect. 

The field of immunology remains to be dis- 
cussed. It is one of the most fruitful for the appli- 
cation of genetic principles. The directness of 
gene action in determining antigen production 
(especially with the Rhesus gene) is the basis of 
the finest genetic analysis so far carried out in 
man. The problems of immunology relating to 
cytoplasmic genetics are no less important but 
much more abstruse. It is enough at the moment 
to point out that if antibody production is re- 
garded as a property of self-propagating cyto- 
plasmic determinants it can be related to a grow- 
ing body of verifiable hypotheses. For the utiliza- 
tion of this relationship, as proposed by Burnet 
and Fenner, the concepts of heredity, develop- 
ment, and cell infection have to be combined with 
an elasticity for which the present discussion may 
help to prepare us. 
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Though Dalton succeeded—with difficulty—in winning general support for his theory of the 
atomic structure of matter, he himself was obsessed by the idea that all elementary atoms pur- 
sued a solitary existence. It is doubtful whether the conception of a congeries of atoms of the 
same element ever occurred to him. Asa result, early formulation of chemical compounds was 
uncertain and often incorrect. It was left to Avogadro and, later, Cannizzaro to solve the pro- 
blem, and so to clear the way for the rapid progress subsequently made in chemical theory. 





Amedeo Avogadro of Quaregna and Cerreto, son 
of the magistrate Count Filippo and Anna 
Vercellone of Biella, was born in Turin on goth 
August, 1776. Apparently the name Avogadro 
derives from ‘De Advocatis,’ a surname granted to 
church lawyers in recognition of special services. . 
In 1789 he graduated in philosophy, in 1795 in 
law, and in the following year became Doctor of 
Canon Law. Forsome time he practised as a lawyer 
for the poor, but he soon devoted himself to 
mathematics and physics, and in 
1803 handed his first paper to 
the Royal Academy of Sciences of 
Turin, of which he became a 
member. He began his teaching 
as mathematics and physics mas- 
ter at Vercelli Lyceum, and in 
1820 he was appointed Professor 
of Higher Physics at Turin Uni- 
versity. This chair, which had just 
been endowed, was suppressed 
after the 1821 revolution. After 
being restored in 1832 by King 
Charles Albert, it was held for 
some time by Cauchy and then 
offered again to Avogadro, who 
held it until 1850, when he was 
succeeded by his pupil Felice 
Chio. 

Avogadro was a man of a high humanistic as 
well as scientific culture and yet of great modesty. 
His ability earned him appointments as Member of 
the High Commission of Statistics, President of 
the Commission for Weights and Measures, and, 
after 1848, Member of the Higher Council for 
Education. His family life was uneventful. His 
wife, Felicita Mazzé of Biella, bore him six children. 

It is not possible to appreciate fully the im- 
portance of Avogadro’s work without considering 
also that of the great founder of the atomic 
theory, John Dalton. It is interesting to note that 
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even in their personal characteristics the English 
and the Italian scientists were curiously alike. The 
history of science affords many examples of great 
builders of theories who were personally very 
modest, but in this happy characteristic Dalton 
and Avogadro are outstanding. 

The work of Dalton led to the definition of 
relative atomic weights. By a similar approach, 
Avogadro introduced the idea of relative molecu- 
lar weights. These two conceptions form the basis 
of the atomic-molecular theory 
with which the names of the two 
scientists are linked. The work of 
Dalton, as Stanislao Cannizzaro 
said, ‘may be considered the most 
important step made by chemis- 
try towards its perfection as a 
science.’ Similarly, it may be 
justly said that Avogadro’s work 
made Dalton’s atomic theory of 
much greater use in chemistry, 
because he incorporated the 
atomic within the molecular 
theory, according to which ag- 
gregates of two or more atoms 
(i.e. molecules) exist, which 
chemical reactions may split into 
the constituent atoms. 

The molecular theory was ex- 
pounded by Avogadro in the classical paper 
‘Saggio di un modo di determinare le masse relative delle 
molecole elementari dei corpi e le proporzioni secondo le 
quali esse entrano in queste combinazioni’ (Essay on a 
Method of determining the Relative Masses of 
Elementary Molecules of Bodies and the Pro- 
portions in which they enter into Combination) 
[F. Phys. Chim., d’Hist. Nat. et des Arts di De La 
Métherie, 73, 58 (1811)], and completed in nu- 
merous other papers, among which the following 
are worth mentioning: ‘Sulle masse relative delle 
molecole nei corpi semplici? (On Relative Masses of 
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Molecules in Simple Bodies) [ibid., 78, 131 (1814)]; 
‘Sul calore specifico dei gas composti paragonati con quello 
dei loro gas componenti’? (On the Specific Heat of 
Compound Gases as compared with that of their 
Gaseous Components) [Giornale di Letteratura, 
Scienze ed Arti, 4, 478 (1816); 5, 73 (1817)]; ‘Nuove 
considerazioni sulla teorta delle proporzioni determinate 
nelle combinazioni e sulla determinazione delle masse delle 
molecole nei corpi’> (New Considerations on the 
Theory of Proportions determined in Combina- 
tions, and on the Determination of Molecular 
Masses in Bodies) [Mem. Accad. Sci. Torino, 26, I 
(1821)]; ‘Sulla necessitd di distinguere le molecole inte- 
granti dei corpi dai loro equivalentt chimici nella deter- 
minazione dei loro volumi atomici’ (On the Necessity of 
distinguishing Molecules from their Chemical 
Equivalents in determining their Atomic Volume) 
(Arch. sci. phys. et math., 8, 285, (1849)]. Avogadro 
published a summary of his theory in the ‘ Trattato 
della costituzione generale dei corpi’ (Treatise on the 
General Constitution of Bodies) [Turin, 1838]. 
Dalton failed to realize the importance of 
Gay-Lussac’s second law, but Avogadro saw the 
necessity of applying it to Dalton’s theory, and 
says in his paper of 1811: ‘Gay-Lussac showed 
that gases alw2ys combine in simple proportions 
by volume and that when the product of the 
reaction is a gas, its volume also bears a very simple 
ratio to that of the components; it seems that the 
ratios of the quantities of the elements cannot but 
depend on the relative number of molecules which 
combine, and on the number of resulting .com- 


pound molecules. It is, therefore, obvious that. 


very simple proportions exist between the volumes 
of the gaseous substances and the number of simple 
and compound molecules of which they are con- 
stituted. One is immediately led to the hypothesis 
which seems to be the only admissible one, viz. 
that equal volumes of gas contain the same number 
of molecules, and different volumes a proportional 
number of molecules.’ 

To understand Avogadro’s reasoning, it must 
be remembered that by compound molecules he 
means the molecules in the modern sense, and by 
simple molecules he means what we call atoms. In 
modern form his well-known hypothesis reads: 
Equal volumes of gases, at the same pressure and tem- 
perature, contain equal numbers of molecules. ‘This hypo- 
thesis gives us the means of determining the relative 
molecular masses of such substances as can be 
obtained in the gaseous state, and the relative 
number of molecules entering into combination. 
As the relations between the molecular masses are 
the same as between the densities of different gases, 
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at the same pressure and temperature, the relative 
number of molecules combining is given by the 
relation of the volumes of the gases which combine. 
Thus the relative densities ofoxygen and hydrogen, 
according to Avogadro’s data, are respectively 
1-10359 and 0°07321 (taking the density of atmo- 
spheric air as unity); hence the ratio of these two 
numbers represents the ratio of the masses of their 
molecules. Therefore the mass of the oxygen mole- 
cule is about fifteen times that of the hydrogen 
molecule, or, more accurately, the ratio is15°074 : 1. 
Similarly the ratio of the mass of the nitrogen 
molecule to that of the hydrogen molecule is 
0°9613 :0°07321, or 13°238:1. On the other hand, 
as the ratio of the volume of hydrogen and the 
volume of oxygen which combine to form water is 
2: 1, it follows that water is formed by the union 
of one oxygen molecule with two hydrogen mole- 
cules. From this important statement, which is 
opposed to Dalton’s assertion that one molecule 
of water contains one atom of oxygen and one of 
hydrogen, Avogadro drew the conclusion that 
molecules are divisible, contrary to the then current 
ideas of chemists and physicists. That the con- 
ception of the divisibility of the molecules was 
quite clear in his mind is evident from his dis- 
cussion of the combination of two gases without 
change in volume. Consideration of Gay-Lussac’s 
data on the combination of chlorine and hydrogen 
to form hydrogen chloride, and of nitrogen and 
oxygen to form nitric oxide, leads immediately, 
according to Avogadro, to the conclusion that the 
reacting molecules are split, as follows: 


1 vol. Ivol, _ 2 vol. 
chlorine T hydrogen ~—_ hydrogen chloride 
1 vol. iva... ‘awa 
nitrogen + oxygen _ nitric oxide 
In other words, the molecules of chlorine, hydro- 
gen, nitrogen, and oxygen must each have been 
halved, and must each therefore consist of an even 
number of atoms—at least two. 

Avogadro concludes his paper with these words: 
‘The reader will have noticed that in many ways 
our results are similar to Dalton’s, although we 
started from a general principle whereas Dalton 
bases his theory on particular considerations. 
This agreement supports our hypothesis which, 
in fact, is but Dalton’s system enhanced in pre- 
cision by the relation to Gay-Lussac’s general 
principle which we have established. In Dalton’s 
system, chemical reactions are generally supposed 
to take place in fixed proportions, and this has 
been confirmed by experiments, as far as the 
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more stable and interesting reactions are concerned. 
It seems that these are the only reactions which 
can take place between gaseous substances, because, 
if the ratio of the reacting gases were greater, the 
resulting molecules would become enormous in 
spite of the divisibility of the molecules, which in 
any case is probably restricted. It is easy to see that 
the closer contact between the molecules in solid 
and liquid substances, which makes the distance 
between compound molecules of the same order as 
that between elementary molecules, may lead to 
more complicated reaction or even to combination 
in any proportion whatever. But such reactions 
are, as it were, different from those with which we 
have dealt here, and this difference may perhaps 
help to reconcile Berthollet’s theory of compounds 
with the theory of fixed proportions.’ 

_ Avogadro has been called ‘the true legislator of 
the molecules’ [I. Guareschi, ‘Historical and 
Critical Considerations,’ in the preface to Avo- 
gadro’s selected works (Opere Scelte), 1911]. 
His contribution to the subject is indeed of a 
systematic and theoretical rather than experi- 
mental order. This may to some extent account 
for the delay in acceptance of his ideas, for, in 
spite of clear and repeated enunciation, his theory 
remained unheeded by chemists for thirty years. 
Graebe [ 7. prukt. Chemie, 87, 145 (1913)] attri- 
butes this to lack of experimental support, but, 
even so, the tardy recognition of Avogadro’s 
work is not easily explicable. His theory did, in 
fact, clarify many controversial points and, 
further, was not a mere statement of abstract or 
general speculations on the constitution of sub- 
stances, but rested solidly on experimental results 
obtained by great chemists such as Gay-Lussac, 
Davy, and Berzelius. The assertion that chemists, 
particularly Berzelius, neglected Avogadro’s papers 
because they were not published in chemical 
journals is no nearer the truth. It is more likely 
that workers in the first half of the nineteenth 
century were so engrossed in the experimental 
problems created by Lavoisier’s antiphlogistic 
theory that they simply did not appreciate the 
value or realize the implications of Avogadro’s 
work. The interpretation, in the light of Avogadro’s 
hypothesis, of the experimental results of half a cen- 
tary of chemical investigations is due to Cannizzaro, 
whose ‘Sunto di un corso de filosofia chimica’ (Summary 
of a Course of Chemical Philosophy) (1858) is the 
logical conclusion of Avogadro’s work. Cannizzaro 
recognized this many years later:“The corner-stone 
of modern atomic science is the theory put forward 


by Avogadro, Ampére, Krénig, and Clausius con- 


cerning the constitution of perfect gases, that is, © 
that whatever their nature and their weight, they 7 
contain, in equal volumes and at the same tem- 
perature and pressure, the same number of mole- | 
cules.’ Thisis the logical starting-pointforexplaining ~ 
the fundamental properties of molecules and atoms, 7 
and for establishing proof of the existence of the ” 
latter. Cannizzaro urges those who entertain any 
doubts on the subject to examine the mathematical 7 
basis of the evidence for the constitution of gases” 
and to peruse the history of chemistry. This would © 
convince them that, although Avogadro’s and 
Ampére’s theory seemed for a time at variance” 
with physical facts, yet as the science of chemistry ~ 
evolved and experimental data became co-ordi- © 
nated, chemists gradually returned to their ideas. 7 
The work of Williamson, of Gerhardt, and of | 
Frankland and Wurtz, explained most of the ap- 
parent exceptions to the law of equal volumes, | 
Deville was able to explain the abnormal densities ~ 
of some gases as being the densities of mixtures of 
dissociation products and not of single substances, 
and this explanation was confirmed by experiment. 
At the same time physicists were led to the same_ 
hypothesis—that equal volumes of gases contain” 
the same number of molecules—from a new point 
of view. Cannizzaro ends his lengthy discussion 
with these enthusiastic words: ‘Can there be any™ 
doubt that the convergence of scientific investiga- | 
tions on the same principle is the most decisive’ 
evidence in favour of the theory put forward by’ 
Avogadro and Ampére? To this theory scientists 
were led from different and even contrasting angles; | 
it is a theory which forecast several facts which} 
subsequent research has confirmed; it is a theory) 
which must perforce be something more than a 
simple scientific abstraction. This theory must 
either be truth itself or the picture of truth as given” 
by the instruments which interpret reality to our) 
intelligence.’ 
The historian has to record the opinion of Nernst, 
viz. that the molecular theory and Avogadro’s’ 
principle are the fundamental basis of chemistry. 
Besides the main contribution on which his) 
fame rests, Avogadro carried out many other 
investigations, which he published in four pap 
under the title: ‘On Atomic Volumes of Elements 
and on Atomic Volumes of Solids and Liquids.’ 
He also wrote some papers on electricity, which 
were read at the Academy of Sciences of Turin, 
the most important (1806) being on induction im 
non-conductors. He also constructed a voltmeter) 
which was used in measuring certain electromage 
netic phenomena. 
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Modern calculating machines 
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The idea of a large automatic calculating machine, flexible enough in operation to be used 
for a wide variety of calculations, was first conceived by Charles Babbage about 1835, but it 
was more than a century before his dream was translated into reality. Owing to financial and 
other difficulties Babbage’s own machine was never completed, but modern calculators, using 
electronics in place of his purely mechanical devices, embody. most of the fundamental ideas 
which he put forward. Calculating machines are now indispensable in science and industry. 





It is convenient to distinguish between two main 
classes of equipment for carrying out numerical 
calculations by mechanical or electrical means. An 
example of one class is a device for carrying out 
the multiplication of two numbers x and y by 
passing a current, adjusted to have the value x 
amperes, through a resistance adjusted to have 
the value y ohms, and measuring the potential 
difference across the resistance in volts. In such 
a device the result is obtained by first representing 
the numbers by physical quantities of which they 
are the measures, then operating. with these 
physical quantities (as, in this example, by passing 
the current through the resistance), and finally 
making a measurement of some physical quantity. 
Other examples of equipment of this class are the 
slide rule, planimeter, and most forms of har- 
monic analyser. A characteristic property of such 
devices is that their accuracy is determined by the 
accuracy of construction of the mechanical and 
electrical components of which they are built, 
and by the attainable accuracy of physical 
measurement. 

An example of the other class is the ordinary 
desk calculating machine such as the Brunsviga or 
= Marchant. In a number written in the usual 
| form, as 758, the symbols 7, 5, and 8 represent the 
© digits of a number, and calculating devices of the 
F second class operate directly with numbers ex- 
» pressed in this digital form, usually (but not 
s mecessarily) by counting either discrete objects, 
such as the teeth of a gear wheel (as in the Bruns- 


viga), or discrete events, such as the reception of 


s electrical pulses by an electrical counting circuit. 
Such devices cannot deal directly with continu- 
ously varying quantities. On the other hand, they 
can be built to work to any finite degree of accu- 
| Tacy; to get a result accurate to ten decimal places 
Fit is not necessary that any component of such a 
device should have an accuracy of 1 in 101°, 
Devices of the two classes are sometimes distin- 


guished as analogous calculating ‘instruments’ and 
digital calculating ‘machines’ respectively, and it 
is with calculating machines, in this specialized 
sense, that this article is concerned. The main 
recent developments in this field have been in the 
direction of large machines capable of automati- 
cally carrying out extended sequences of compu- 
ting operations, and so designed that the sequence 
of operations can readily be changed from that 
required for one calculation to that for another. 


BABBAGE’S ANALYTICAL ENGINE 


The idea of such a large, automatic, general- 
purpose machine is by no means new; it is over a 
hundred years old, though its practical realization 
is a development of the last ten years. The original 
conception of such a machine dates from about 
1835 and is due to Charles Babbage, who at that 
time was Lucasian Professor of Mathematics in the 
University of Cambridge, and whose ‘analytical 
engine’ was to have been just such a machine [2, 
3]. At that time, in the early days of the science of 
electricity, the ‘analytical engine’ was necessarily 
conceived as purely mechanical. But many of the 
functions required in the operation of such a 
machine can be carried out much more easily, and 
quickly, by the use of electrical components such 
as relays, uniselector switches, teleprinter equip- 
ment, and electronic valves, and such components 
are freely used in the machines recently completed 
or still in the course of development. 

Babbage’s machine was to consist of three main 
parts. One, which he called a ‘store,’ was to con- 
sist of a set of registers on which numerical in- _ 
formation, either data of the problem or inter- 
mediate results, could be recorded in such a form 
as to be available for later use. Another, which he 
called the ‘mill,’ was to be able to carry out the 
operations of arithmetic on numbers transferred 
to it from the store. A third part, to which he 
did not give a name but which we may call the 
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FIGURE 2 -— General view of automatic sequence-controlled ca 


FIGURE 1 — Front view of two accumulators of the electronic 
numerical integrator and calculator (ENIAC). 


FIGURE 4 -— General view of the Eniac. 





FIGURE 3~—A battery of sixteen ultrasonic delay units and FIGURE 5, — Sequence-control mechanism of automatic ca 
some associated equipment. 

























| APRIL 1949 


Modern calculating machines 


ENDEAVOUR 





‘controller,’ was to take the operating instructions 
in the appropriate order and to control the opera- 
tion of the machine in such a way that they were 
carried out. This control was to be exercised 
through a series of punched cards. Plungers passing 
through holes in the cards’ were to select the 
registers in the store from which numbers were to 
be transferred to the mill, the operation (addition, 
subtraction, multiplication, or division) to be car- 
ried out on them, and the disposal of the result. 


FUNCTIONS TO BE PROVIDED IN AN 
AUTOMATIC CALCULATING MACHINE 


This summary of the main features of Babbage’s 
analytical engine illustrates the main functions to 
be provided in an automatic calculating machine. 
It must, of course, be able to carry out arithmetical 
operations, otherwise it would not be a calculating 
machine. This, however, is by no means all that is 
required. There must also be provided some form 
of storage, both for numbers and for instructions, 
and some form of control system for selecting 
numbers from the store and the operations to be 
carried out on them. It must also have some 
means of communication with thé outside world, 
for reception of information, both numerical data 
and operating instructions, and for making a per- 
manent record of the final results of its work. 

Storage and control are aspects of such a 
machine at least as important as the means of 
carrying out arithmetical operations, and the scale 
and range of the calculations to which it can be 
applied depend greatly on the capacity of the 
store and the versatility of the control system. To 
give adequate flexibility without a human operator 
in the course of the calculation, the control system 
and the form of the operating instructions must be 
so planned that the sequence of operations carried 
out by the machine can be modified automatically 
by the results of the calculation as it proceeds. 
This is usually done as follows. Any one instruc- 
tion must not only specify an operation to be per- 
formed but must determine in some way the next 
instruction to be taken. Control of the sequence of 
operations by the results of the calculation is effected 
by making the selection of the next instruction, 
at certain stages of the work, depend on some 
criterion, such as the sign of some number evalu- 
ated in the course of it. Over a hundred years ago 
Babbage recognized the importance of this process 
of conditional selection of the next instruction in 
the organization of any extensive calculation, and 
devised means of carrying it out mechanically; it 
is surprising that several recent accounts of the 


‘analytical engine’ make no reference to this 
feature. 


‘BABBAGE’S DREAM COME TRUE’ 

The first such machine to be built was the 
I.B.M. Automatic Sequence-controlled Calculator 
(known for short as the Harvard Mark I Calcu- 
lator) developed by Professor H. H. Aiken and the 
I.B.M. Company and now installed at the Compu- 
tation Laboratory at Harvard University [1, 4, 
13]. This machine was completed during the 
recent war. In its physical form, with its extensive 
use of electrical components, it is very different 
from anything Babbage could have envisaged. 
But in what it does, as distinct from how it does it, 
it is in many respects similar in principle to 
Babbage’s ‘analytical engine,’ and it has been 
hailed as ‘Babbage’s dream come true’ [8]. 

In this machine arithmetical operations are 
carried out by mechanical counters operated 
through electromagnetic clutches controlled by 
relays; 72 of these counters combine the functions 
of storage units and adding units, others form parts 
of units for carrying out multiplication, division, 
interpolation, and other functions. The machine 
has built into it means of evaluating logarithms 
and antilogarithms to base 10 and sines; other 
tabular information can be supplied from punched 
tape. The control of operations is also carried out 
by a tape, on which instructions are punched in 
coded form. Contacts made through the holes in 
this tape close circuits which actuate relays, and 
these close other circuits which cause the operation 


specified by the coded instruction to be carried 


out. Results can be delivered either on punched 
cards or by means of automatic electric typewriters. 

A front view of this machine from the left-hand 
end is shown in figure 2. On the left are switches 
for setting values of constants or initial data by 
hand, then banks of counters, and then the inter- 
polator and sequence control units; the controlling 
relays are mounted on panels at the back. Figure 
5, shows a close-up view of the sequence-control 
unit with a tape in position. 

In this machine relays are used purely for con- 
trol. In some other machines, including one large 
general-purpose machine built by the Bell Tele- 
phone Laboratories [26] and another (the Har- 
vard Mark II Calculator) by Professor Aiken [7], 
relays are used for arithmetical and storage pur- 
poses also, numbers being represented by the 
configurations of groups of relays. Addition is 
carried out, not by counting (which consists of 
successive addition of units), but by means of an 
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addition table built into the machine by connec- 
tions between three groups of relays of the arith- 
metical unit, one group for each of the two addends 
and one for the result. As in the Harvard Mark I 
machine, the sequence of operations is supplied to 
the machine in coded form on punched tape. 

Another machine is the Eniac (Electronic Nu- 
merical Integrator and Calculator) developed by 
Dr J. P. Eckert and Dr J. W. Mauchly at the Uni- 
versity of Pennsylvania [6, 10, 11, 18, 19]. This is 
the first machine to be built which makes use of 
electronic circuits rather than electromechanical 
components; it is correspondingly faster than the 
others mentioned. It carries out an addition in 
o-2 millisecond and a multiplication in less than 
3 milliseconds, that is, at the rate of about a 
million multiplications an hour. It operates by 
counting electrical pulses produced by a pulse 
generator and switched to the different units of the 
machine by electronic gate circuits, the counting 
being done by electronic counting circuits. These 
counting circuits are grouped into twenty registers 
(‘accumulators’), each of which serves both as an 
adding unit and as a storage unit. Tabular in- 
formation required in the calculation is set up by 
hand on banks of switches, and numerical data can 
also be supplied from punched cards. The sequence 
of operations is specified by the interconnections 
between the various units of the machine and the 
settings of various control switches; these inter- 
connections and switch settings are made manually 
in setting up the machine for any particular prob- 
lem. Figure 4 shows a general view of this machine, 
and figure 1 is a close-up view of the front of two 
accumulators, showing the plug-in connections and 
switches by which the sequence of operations is 
furnished to the machine. 

Another machine, combining the features of 
electronic circuits for carrying out arithmetical 
operations, as in the Eniac, and the use of a 
punched control tape for setting up the intercon- 
nections between the different units of the machine 
automatically as they are wanted, as in the Har- 
vard Mark I Calculator, was completed by the 
I.B.M. Company early in 1948. This is a very 
large machine, comprising about 15,000 electronic 
valves and a similar number of relays, and can be 
regarded as the culmination of the first stage in the 
development of automatic calculating machines. 
The next stage, represented by machines still 
under development (one or two may be completed 
by the time this article appears) promises to pro- 
vide machines which will be faster, having greater 
storage capacity with rapid access; will be at least 


as versatile and yet comprise a much smaller 
number of electrical components; and for which the 
“programming” of a calculation will probably be 
easier. 
THE MAIN DIRECTIONS OF 
CURRENT DEVELOPMENT 


This next stage is marked by two main features. 
One is the development of a reliable form of 
storage system which will give a large storage 
capacity with rapid access and without a large 
amount of electronic equipment. The other is 
concerned with the form of the instructions and 
how they are stored and used in the machine. 

There are at present three physical forms of 
storage which appear to have been developed far 
enough to be of use for this purpose in the near 
future. These are (a) acoustic delay lines, in 
which the data to be stored are represented by 
trains of pulses (possibly on a carrier) [17, 20]; 
(5) magnetic material, on which the data are 
represented by variations in the magnetic state of 
the material; and (c) an electrostatic charge distri- 
bution on an insulating screen [9, 15, 25]. 

The usual form of acoustic delay line is shown 
diagrammatically in figure 6. A tube fitted with a 
piezo-electric quartz crystal at each end is filled 
with mercury. Electrical pulses applied at the 
transmitting end (left-hand end in figure 6) are 
converted into acoustic pulses in the mercury, 
travel down the tube, and are reconverted into 
electrical pulses at the other end. These are 
amplified and used to gate pulses from a pulse 
generator (‘clock’) to the transmitting end of the 
delay line, thus avoiding any progressive de- 
generation in the pulse shape. Gating of clock 
pulses is also used to ensure synchronism between 
the operation of different parts of the machine. 
With a pulse spacing of 1 microsecond a storage 
capacity for 1,000 numbers, each of ten decimal 
digits, can be provided by thirty such tubes, each 
150 cm long. 

Several machines using this form of storage are 
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FIGURE 6 — Diagram illustrating the use of an acoustic 
delay line as a storage unit, 
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under construction at present. They include the 
‘Edvac’ (Electronic Discrete Variable Automatic 
Computer) at the University of Pennsylvania and 
the ‘Univac’ being built by Eckert and Mauchly, 
the designers of the Eniac, and others in the United 
States, and in England the ‘Edsac’ at the Mathe- 
matical Laboratory at the University of Cambridge 
[21] and the A.C.E. (Automatic Computing En- 
gine) at the National Physical Laboratory [22]. 
Figure 3 shows a battery of storage delay lines and 
panels of valves and other elements of the asso- 
ciated circuits of the ‘Edsac.’ 

Magnetic material in the form of a wire or tape 
is used as an auxiliary storage medium in several 
machines. In the form of a coating on a cylinder 
which is rotated at high speed (‘magnetic drum’) 
it is used as the main storage in two machines. One 
of these is the Harvard Mark III Calculator which 
is being built by Professor Aiken; in this machine 
arithmetical operations are carried out by elec- 
tronic circuits. The other is the A.R.C. (Auto- 
matic Relay Computer) being built by Dr A. D. 
Booth at the Research Laboratories of the British 
Rubber Producers’ Association [5], in which they 
are carried out by relay circuits. 

A form of electrostatic storage using a standard 
cathode-ray tube has been developed by Professor 
F. C. Williams of Manchester University [24, 25], 
and a simple experimental machine using this stor- 
age system has been operated satisfactorily [23]. 


In the United States work is in progress on the 
development of special tubes for electrostatic 
storage [9, 15]. In a machine under construction 
at Princeton it is intended to use a group of such 
tubes for the primary storage, with electronic 
computing circuits and magnetic wire for auxiliary 
storage. 

In most of these machines there is no distinction 
between the forms in which numbers and instruc- 
tions are represented in the machine; both, in 
most cases, consist of a series of indications (such 
as presence or absence of pulses) which can be 
interpreted numerically as 1’s and o’s. The differ- 
ence, if any, between numbers and instructions is 
in the way they are used. This has two conse- 
quences; firstly, the same storage system can be 
used for numbers and for instructions, and 
secondly, arithmetical and other operations can 
be carried out on the instructions. This possibility 
of modifying the instructions in the course of a 
calculation may considerably reduce the storage 
space required for instructions, and, combined 
with the operation of conditional selection of the 
next instruction, makes such a machine very 
flexible and applicable to work involving a high 
degree of discrimination. 





Figures 1 and 4 are reproduced by courtesy of the U.S. 
War Department; figures 2 and 5 by courtesy of the Har- 
vard University Computation Laboratory; figure 3 by cour- 
tesy of Dr M. V. Wilkes. 
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Draughtsmanship in zoological work 
GEOFFREY LAPAGE 








The purpose of scientific drawings is essentially utilitarian, namely to record in graphic 
form certain attributes of the objects depicted, those attributes being such as the scientist 
' regards as significant. Scientific art thus differs from pure art, and any aesthetic appeal 
that scientific drawings may happen to possess is secondary, though not always fortuitous. 
Dr Lapage describes some masterpieces of scientific draughtmanship, with illustrations. 





This article considers some drawings made by 
men of science. These drawings were made for 
the primary purpose of stating, in pictorial form, 
certain facts which had been scientifically ob- 
served, and it is thus possible, theoretically at 
least, to consider them as being fundamentally 
different from an artistic drawing. The nature 
of that difference, and the question whether a 
man of science, or any other human being for 
that matter, can eliminate art entirely from his 
drawing, cannot be discussed here. Such a dis- 
cussion would involve an analysis of what it is 
that the scientist and the artist respectively aim 
to do, and this would take us beyond the limits of 
the present article. 

The few drawings here reproduced cannot, of 
course, be representative of the many that deserve 
our admiration. They must be considered merely 
as one man’s more or less arbitrary selection; other 
people could no doubt quite easily select a 
different series which would be just as suitable for 
the purposes of this article, as indeed the writer 
himself could. So numerous are the available fine 
examples of the draughtsmanship of men of 
science that it has been necessary to impose severe 
restrictions upon the selection. The choice has 
been restricted, first, to drawings made by men 
of science no longer living; and, second, to those 
which illustrate one branch of science only. The 
branch of science chosen is the study of the struc- 
ture and architecture of animals, and drawings of 
a number of different kinds of animals have been 
purposely selected. 

The name that springs naturally to the mind 
when drawings of the structure of living things are 
discussed is that of Leonardo da Vinci (1452- 
1519). Originally, a drawing by this master was 
included in the series of illustrations, but it was 
omitted, first, because Leonardo’s drawings of 
plant and animal structure are very well known 
and, second, because no single Leonardo drawing 
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in this-category could illustrate adequately the 
variety of techniques that he employed, or the 
whole of his mastery. Leonardo’s drawings, more- 
over, inevitably raise acutely the problem men- 
tioned in the first paragraph, for the discussion of 
which we have not space. The influence of his 
work is so compelling, and the two motives of 
science and art were so closely interwoven in him, 
that it is always difficult to decide whether, when 
he made a drawing of thestructure of an animal or 
plant, he was behaving purely as a scientist or not. 

This same problem is, of course, latent in many 
scientific drawings. It rears its head unmistakably, 
for instance, in the fine copperplate engraving of 
a carp illustrated in figure 8. This drawing, done 
at some time between 1554 and 1558, is the work 
of Leonardo’s countryman Hippolyto Salviani, - 
who was a physician in Rome. The beautiful 
quality of the line, the management of the light 
and shade, the delicate balance of the whole 
drawing, and the life and beauty communicated 
to it are indeed remarkable. A glance through the 
volume [1] from which this drawing has been 
reproduced will show that Salviani, whatever his 
achievements as a medical man, had much of the 
artist in him to contend with his scientific interests, 
and also that he was a master of this particular 
technique. 

Another remarkable drawing by an Italian con- 
temporary of Salviani, the Bolognan Senator 
Carlo Ruini (1530-98), is the drawing of a horse’s 
head reproduced in figure 5. This example of a 
different line technique is justly famous among 
students of comparative anatomy. Apart from its 
historical and scientific value it has a fine decora- 
tive quality which has nothing to do with science. 
It has been reproduced from Professor F. J. Cole’s 
fascinating book [2] on the history of comparative 
anatomy, a volume which contains many illustra- 
tions that will interest and delight students of this 
subject. 
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FIGURE 3 — Illustrations drawn by 7. Leidy for his Report of the United States Geological Survey 
of the Territories (1878). 
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Turning now to another technique, the art of 
engraving upon wood, we advance a couple of 
centuries to the example, shown in figure 4, of 
the work of a man who was not only a naturalist 
and a student of humanity but also a great master 
of this difficult technique. The wood engravings of 
Thomas Bewick (1753-1828) are so justly famous 
that they need no comment here. This drawing 
of a tawny owl, which is one of the numerous and 
remarkable illustrations in his History of British 
Birds [3], well shows one feature of his work upon 
which his fame rests, namely his revival of the use, 
in wood engravings, of white spaces and lines. His 
work also owes something to the contemporary 
introduction of boxwood cut across the grain for 
work of this kind. 

Wood-block engraving, capable though it is—in 
the hands of those who have mastered it—of pro- 
ducing results so clear and telling and beautiful, 
is not a technique that a busy man of science, bent 
primarily upon stating certain facts in pictorial 
form, would naturally use. Like etching, engrav- 
ing upon metal, and drawing direct upon the 
lithographic stone, it demands a degree of tech- 
nical skill and a love of the craft which are more 
likely to be found in the artist than in the scientist. 
All these techniques have, however, been used by 
men of science, although frequently it is difficult 
to ascertain whether the men of science who used 
them actually engraved the wood or metal or 
drew upon the lithographic stone. Often they 
made drawings which were engraved or litho- 
graphed by professional engravers or litho- 
graphers, so that many scientific drawings repro- 
duced by these techniques are copies of the 
drawings made by the men of science. Some 
scientists have gratefully acknowledged the work 
of the engravers or lithographers who thus copied 
their drawings. A. D. Michael, for instance, tells 
us that the beautiful illustrations to his Ray 
Society monographs on oribatid mites were drawn 
for him upon the lithographic stone by the litho- 
graphers Rhein and Knight, whose skill and care 
he gratefully acknowledges. Ernst Haeckel, whose 
drawings of the remarkable microscopic skeletons 
of the marine radiolaria are so deservedly famous, 
tells us of his gratitude and debt to his lithographer, 
Adolph Giltsch, who co-operated with him for ten 
years on this particular work; but Haeckel pro- 
vides us in this great monograph, and in his works 
on the medusae and other coelenterates, and also 
in his Kunstformen in der Natur, with evidence that 
he himself was a remarkable draughtsman. 

Others who have had to rely upon professional 
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FIGURE 4 — Tawny Owl: a woodcut by T. Bewick for 
his History of British Birds. 


engravers or lithographers have rightly been 
disappointed by the printed results. P. H. Gosse, 
for instance, whose work is further discussed below, 
took endless trouble over the illustrations to his 
books and himself drew some of them upon the 
lithographic stone; but the poor quality of the 
colour in the illustrations that were actually pub- 
lished caused him to take exceptional care with 
the illustrations for his book The Aquarium, pub- 
lished in 1854. These, says his distinguished son, 
Sir Edmund Gosse [5], achieved an ‘unprecedented 
beauty’ and ‘marked an epoch in the annals of 
British book illustration.” 

Another devoted worker who was not satisfied 
with the colour lithographs of the drawings that 
he had made was the American, Joseph Leidy, an 
example of whose work is reproduced in figure 3. 
This illustration shows some of the many beautiful 
drawings in colour and in black-and-white which 
Leidy made to illustrate his great work [6] on the 
freshwater rhizopoda of North America. 

Two other lithographs, reproduced in figures 
g and 10, illustrate the results that can be ob- 
tained by this technique when colour is not 
employed. The first one (figure 9) is reproduced 
from the well-known monograph on ticks and 
mites by the French expert, P. Mégnin [7], and 
shows very well the delicacy and clarity of the 
effects that can be obtained by this method. The 
second one (figure 10) is by the English zoologist 
Herbert Fowler [8]. It shows how a lithograph 
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FIGURE 5 — Horse’s head, showing muscles, vessels, nerves, 

and glands, drawn by C. Ruini (1598). 
(From History of Comparative Anatomy by Prof. F. 7. Cole, may 4 by 
Macmillan & Co. Lid.) 


may be used not only to state scientific facts but 
to interpret them to the student as well. 

Also designed to interpret the structure of 
animals, as well as to state the facts of that struc- 
ture, are the drawings illustrated in figures 7 and 
11. All these are examples of a kind of drawing 
the purpose of which may be called instructional. 
They do not state all the scientific structural 
facts: they select only some of them, and em- 
phasize them in such a way that the student may 
at a glance get an accurate three-dimensional 
picture of the architecture of the animals depic- 
ted. Figure 7, which omits the colour used in the 
original, is one of the many drawings of this kind 
which illustrate the well-known textbook of zoo- 
logy by Yves Delage and Edgard Hérouard [9]. 
This particular drawing explains the structure of 
an organism of the jelly-fish type, Porpita. 

Figure 11, by Sir Edwin Ray Lankester [10], 
achieves, by the use of line only, or by line with 
the addition of stipple here and there, the same 
interpretative and instructional result. There are 
many drawings similar to these, most of them 
relatively modern, which contain not only the 
descriptive element which all scientific drawings 
have, but a creative element also, supplied by 
the knowledge and experience of the man of science 


who makes the drawing. In this sense they are 
personal, like the drawings of all artists, but their 
personal quality is not, like that of the artist’s 
drawings, emotional; it is intellectual. The human 
quality of the scientist does not appear in his 
drawing; only his interpretative brain is apparent. 
He has, so to speak, projected his experience into 
the object portrayed, and has, by that act, created 
an imaginative conception which embodies con- 
temporary scientific knowledge of the object. 

Other drawings of this kind which will occur 
to biological readers are E. S. Goodrich’s draw- 
ings illustrating his well-known work on the renal 
excretory organs and other structural features of 
vertebrates; Ray Lankester’s diagram of an an- 
cestral mollusc, which embodies the primitive 
structural features from which the anatomical 
characteristics of all the shellfish can be derived; 
the stereograms used by J. S. Kingsley and others 
to depict the architecture of backboned animals; 
and the illustrations in Sir D’Arcy Thompson’s 
classical work, Growth and Form. 

There remain for comment the three drawings 
in colour by R. Newstead (figure 1), John Curtis 
(figure 2), and P. H. Gosse (figure 6). The water- 
colour by P. H. Gosse, which has never been 
published before, is reproduced here from the 
original painting in the possession of Dr Philip 
Gosse, who courteously and very willingly gave 
permission to reproduce it. It has been chosen 
from a number of other original and unpublished 
paintings by P. H. Gosse which the writer has 
been privileged to see. The delicacy of all these 
paintings, the certainty of touch that they show, 
their accuracy, and the beautiful quality of their 
technique indicate clearly that P. H. Gosse 
brought considerable artistic ability to the scien- 
tific study of animals. No doubt he inherited this 
from his father, who was a miniaturist, and per- 
haps he learned from his father his skill in copying 
exactly the fine shades of colour and details of 
structure of the animals which he studied. Sir 
Edmund Gosse [5] has said that his father’s 
interest in natural subjects was chiefly ‘aesthetic 
and poetical, depending upon the beauty and 
ingenuity of the forms.’ Certainly his eagerness 
to make accurate and beautiful drawings of the 
animals which he collected was remarkable. 

Gosse was, of course, one of a company of 
naturalists whose black-and-white and coloured 
illustrations of their works excite the admiration 
of anyone interested in draughtsmanship. Some 
of these men live on in the beautiful drawings 
which are among the treasures of our libraries; 
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FIGURE 7 — Illustration of jelly-fish (Porpita) from the coloured illustration in Traité de Zoologie 
Concréte, by Y. Delage and E. Hérouard (1901). 
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FIGURE 8 — Copperplate engraving of a carp, made about 1556 by Hippolyto Salviani. 
- 96 





APRIL 1949, ENDEAVOUR 








/ mp Beez quet, Parts 


LEOCS “4 
= rey 
a: 


. ~_ a es ee 


FIGURE 9 — Lithograph of a tick (Analges passerinus), by P. Mégnin (1895). 
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F others, like our great orators and actors, live only 
© in the tributes of those who came under their 
© influence. Such a man was Gosse’s contemporary, 
= the Rev. J. G. Wood, who carried with him on 
§ his extensive lecturing tours a canvas supported 
= on an iron frame, on which he illustrated with 
© coloured chalks his very successful lectures on 
» natural history. There have also been, as all of 
© us know well, countless lecturers in our univer- 
E sities, whose extemporary drawings on the black- 
» board have not only instructed but have delighted 
© and astonished those who saw and profited by 
= them. To mention any of these by name would 
§ be to leave many of their fellows in undeserved 
| oblivion. 

|. The two other paintings which complete the 
= small series here illustrated are both by entomo- 
F logists. John Curtis, whose work is illustrated by 
» figure 2, was a naturalist who, like Gosse, gave his 
S life to his work. The delicate and beautiful draw- 
| ing is taken from the last (16th) volume of this 
> author’s well-known work British Entomology [11]. 
© It is chosen from this volume because Curtis says 
in his preface to the whole work that the plates 
| which illustrate this last volume are by himself. 
/Some of the illustrations in the other volumes 
© were, he says, done by artists whom he called on 
| to help him to complete this considerable treatise 
| —which is, incidentally, an outstanding example 
}of the former but now rare practice of obtaining 
» pre-publication subscriptions to cover the cost of 
| a work which might bring little financial reward 
| to the author. The prolonged labour, the loving 
' care, and the high degree of technical achieve- 
/ment displayed by this and other publications 


issued in the same manner are features of the 
scientific life of earlier days. Nowadays, in an age 
of hurry, there is too often preference for the 
photograph, and an inclination to leave the illus- 
tration of scientific work to professional illus- 
trators. 

Here and there, however, the old tradition 
lives on, as the painting of tsetse flies (figure 1) 
by the late Professor Newstead [12] of the Liver- 
pool School of Tropical Medicine manifests. This 
shows that Newstead, whose reputation among 
biologists as a draughtsman was world-wide and 
deeply respected, was very well qualified to keep 
alive that devotion to the proper illustration of 
biological work which always has been, and still 
is, the mark of the master of this branch of science. 
His work is a worthy link between the fine 
examples of scientific draughtsmanship left to us 
by his predecessors and the beautiful drawings 
which living biologists, who eagerly take advan- 
tage of the advances made by the printer in 
methods of reproduction, are nowadays producing 
so abundantly. 
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Foetal haemoglobin 
J. C. KENDREW 





Because of its practical importance and its intrinsic interest the problem of foetal circulation | 
has been very closely studied. Recent research has established not only that—contrary to” 
popular belief—the maternal and foetal blood never mix, but that the haemoglobins in the’ 
two blood-systems possess small but important differences. The latter are reflected in’ 
their oxygen dissociation curves, in the speed of alkaline denaturation, and in other ways,” 
though the physiological and structural significance of these differences is not yet clear,” 





The popular mind still harbours the superstition 
that a mother’s blood circulates through the 
arteries and veins of her unborn child—a super- 
stition doubtless connected with the myth that our 
hereditary characteristics are derived from the 
blood, blue or otherwise, which has been trans- 
mitted to us from generation to generation. In 
point of fact the foetal circulation is quite distinct 
and separate from the maternal at all stages of 
development. The two bloods never mix, though 
indeed they come into close proximity in the pla- 
centa, an organ whose prime function is to ensure 
that the maternal and foetal circulations are 
placed in so intimate a relation that the food and 
other materials required by the foetus can diffuse 
from the former into the latter, and the metabolic 
waste products in the contrary direction. In the 
placenta the capillary vessels of the two circulatory 
systems are separated, but only by a membrane 
whose thickness may vary from one layer of cells 
(in the rabbit) up to five or six layers (in the 
ruminants). In this article we shall be concerned 
with the supply of the most essential of all sub- 
stances required by the foetus, namely oxygen. 
The haemoglobin of red corpuscles is, of course, 
the oxygen-carrier of blood, and its reversible 
combination with oxygen is illustrated in figure 
8 (A), which shows that at high oxygen pressures 
(e.g. in the lungs) the haemoglobin is largely 
oxygenated, while at low oxygen pressures (e.g. 
in the tissue capillaries) it gives up most of 
its oxygen for transfer to the cellular oxidation- 
reduction systems. If the maternal and foetal 
bloods had the same oxygen dissociation curves it 
is clear that oxygen would be transferred in the 
required direction, since the oxygenated arterial 
blood of the mother would lose oxygen to the 
deoxygenated venous blood of the foetus, an oxy- 
gen pressure-gradient being set up across the 
placental membrane and oxygen passing down 
it. Indeed, in some animals the conditions are 


particularly favourable, since the capillaries > 
are arranged on the familiar counter-current/ 
principle, the streams of foetal and maternal | 
blood running in parallel vessels but in opposite 7 
directions. 


THE OXYGEN DISSOCIATION CURVE OF 
FOETAL HAEMOGLOBIN 


Something better than this is evidently needed, 
however, for it is found that in both the maternal 
and the foetal blood adaptations occur to ensure 
a more efficient oxygen exchange. These adapta- 
tions result in an actual difference between the™ 
oxygen dissociation curves of maternal and foetal’ 
blood [1]. Typical curves are shown in figure 9) 
(for the goat) as well as the normal curve of the7 
non-pregnant adult; it will be seen that, relative 
to this last, the foetal curve is moved to the left: 
and the maternal to the right. This means that? 
at any given oxygen pressure foetal blood becomes | 
more highly oxygenated than maternal; in conse-’ 
quence, transfer of oxygen in the desired direction 
across the placental membrane is greatly speeded 
up. 
The shift of the maternal curve is easily ex-7 
plained: it is due to an increasing acidity of the® 
maternal blood as pregnancy proceeds. Experi-/ 
ments with normal adult blood have shown that | 
an exactly similar rightward shift of the curve: 
can be produced artificially by lowering the pH” 
(figure 10); this is known as the Bohr effect and™ 
takes place without significant change in the shape: 
of the curve. Furthermore, haemoglobin extracted} 
as a pure protein from maternal (pregnant) blood} 
has the same oxygen dissociation curve as that of 
normal adult haemoglobin; there is no evidence 
that there is any change in the adult haemoglobin’ 
itself during pregnancy. 

The alteration in the foetal curve is a different) 
matter. First of all, there is no evidence of an’ 
increase in the alkaline reserve of foetal blood} 
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relative to adult blood, so we cannot invoke the 
Bohr effect in reverse; and, second, the foetal curve 
is obviously different in shape from the adult one, 
being more hyperbolic and less S-shaped (see 
figure 8 (F)). The change in shape of the curve 
is found in pure foetal haemoglobin solutions as 
well as in whole foetal blood, so it cannot be due 
to the nature of the foetal corpuscle or to any 
other environmental factor—it must be an in- 
trinsic property of the haemoglobin itself. 

This account of foetal and maternal dissociation 
curves has been somewhat 
oversimplified for the sake of 
brevity. The situation des- 
cribed is true of the goat and, 
in general outline, of most 
other species which have been 
investigated. Many readers 
would perhaps have been 
more interested in the state 
of affairs in man; this has not 
been described because sur- 
prisingly it is quite different 
from all other known cases. 
For while human adult and 
foetal haemoglobins possess 
different dissociation curves 
like the rest, the difference is 
in the reverse sense; that is 
to say, the foetal curve is the 
more S-shaped, and it is to 
the right of the adult. In 


foetal bloods known to the present author is con- 

tained in an inaugural dissertation written for the 

University of Dorpat (Tartu). in 1866 by E. 

Kérber [2]. He was examining the rate at which 

various haemoglobins were denatured in strongly 

alkaline solutions—a process which he was easily 

able to follow by watching the change in colour 

from the bright red of oxyhaemoglobin to the 

brown of alkaline haematin—and he found that 

foetal human haemoglobin, extracted from pla- 

cental blood at birth, was denatured considerably 
more rapidly than adult. 

K6rber’s work was not fol- 

lowed up until many years 

later. The idea that differ- 

ences in properties between 

two proteins were reflections 

of a true structural difference 

developed slowly; only dur- 

ing the last half-century or so 

have proteins been credited 

with a definite molecular 

structure in the ordinary 

chemical sense of the term. 

The instability of proteins, 

their colloidal properties, and 

the difficulty of preparing 

them in a pure state, all mili- 

tated against the acceptance 

of this idea; the conception 

of the individual protein as 


FIGURE 1 — The late Sir Joseph Barcroft, % molecule of specific and 


whole human bloods, on the F.R.S., who carried out fundamental research characteristic structure could 
other hand, the foetal curve on haemoglobin and foetal physiology for many become accepted only when 
is to the left of the maternal e@rs. He published a classical work entitled techniques were perfected for 


as usual. So we must confine 
ourselves tothe generalization 
that in all the cases so far examined the foetal and 
adult haemoglobin curves are different, but that 
the nature of the differences depends on the species. 

These results have made physiologists interested 
in discovering whether there are any other observ- 
able differences between the foetal and adult 
haemoglobins derived from the same species, just 
as there are known to be differences between the 
adult haemoglobins of different species. 


THE DENATURATION OF HAEMOGLOBIN 

Strangely enough, some evidence of a difference 
between adult and foetal blood had been obtained 
over half a century before the earliest experiments 
on the oxygen dissociation curves of foetal blood, 
which were performed in the middle 1920’s. The 
first record of a difference between adult and 


Researches on Pre-natal Life shortly before 
his death in 1947. 


handling proteins and for ap- 
plying to them precise physi- 
cal and chemical methods. So although Kérber’s 
observations of 1866, if made under suitably con- 
trolled conditions, should have been enough to 
establish a true molecular difference between foe- 
tal and adult haemoglobins, the problem has re- 
mained so far unsettled that even up to the present 
day it has been thought worth while to continue 
studying it. 


SIMILARITIES AND DIFFERENCES BETWEEN 
FOETAL AND ADULT HAEMOGLOBINS 

To keep the subject in a proper perspective it 
is first necessary to point out that the resemblances 
between adult and foetal haemoglobins are much 
more striking than the differences. Both have the 
same molecular weight (about 67,000) in all 
species so far studied. In both, the prosthetic 
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FIGURE 2 — Crystals of sheep haemoglobin: (a) adult, (b) foetal. 
( X 30 approx.) 


FIGURE 3 — An X-ray diffraction photograph from aj 
Sheep haemoglobin crystal. Such photographs can be 
discriminate between the structures of different protein 








FIGURE 4 — Adult methaemoglobin, crystallized from FIGURE 5 — Foetal methaemoglobin, crystallized 
potassium phosphate. (X 130) potassium phosphate. (Xx 110) 








FIGURE es Adult perv female sipitelliced FIGURE 7 — Foetal reduced vwenicbes, crystallized 
from ammonium sulphate. (xX 110) Srom ammonium sulphate. (x 110) 
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PERCENTAGE SATURATION WITH OXYGEN 
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| FIGURE 8 — The oxygen dissociation curves of foetal (F) 
and adult (A) sheep haemoglobins; pH 9°3, 19° C. (After 
R. Hill, 1935.) 


group (to which the oxygen becomes attached) is 
» the same iron porphyrin compound (ferroproto- 
haem, figure 11), and in both of them four of 
= these haem groups are contained in each protein 
F molecule. Any differences between the two must 

therefore be due to differences in the protein 
| moiety, which is called globin; but in many of 

their properties the differences between the two 
| proteins are very slight and hard to detect. Never- 
theless they are real, as is shown below. 


CHEMICAL DIFFERENCES 
Let us begin by considering chemical proper- 
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PERCENTAGE SATURATION WITH OXYGEN 











0 
OXYGEN PRESSURE (MM. Hg) 
FIGURE 9 — The oxygen dissociation curves of foetal (F) 
@nd maternal (M) goat’s blood in the eighteenth week of 
[foetal life (CO, pressure 50 mm). The limits of normality 
Jor adult (non-pregnant) blood are shown for comparison (A). 
(After 7. Barcroft.) 


ties, and first of all amino-acid composition. No ~ 


complete analysis is available, but there is definite 
evidence of a difference between adult and foetal 
cow haemoglobins in methionine, isoleucine, and 
histidine content [3]. Again, the adult human 
haemoglobin molecule consists of five separate poly- 
peptide chains, and the foetal of only two or three. 

KGrber’s original experiments have been fol- 
lowed by other more thoroughgoing investigations 
of the alkaline denaturation of haemoglobin. For 
example, it was shown by Brinkman and Jonxis [4] 
that this reaction follows the unimolecular law, 
that is to say the logarithm of the amount of un- 
changed haemoglobin in the solution, plotted 
against the time, gives a straight line. Gently 
sloping lines (indicating high resistance to de- 
naturation) were obtained for foetal bloods, and 
steep ones for infants’; while just after birth the 
line was kinked, indicating a mixture of about 
80 per cent. foetal and 20 per cent. normal haemo- 
globin (see figure 12). These results were obtained 
with human haemoglobin, and the rabbit was 
found to behave similarly; in the goat and cow the 
situation is reversed, the foetal blood being less 
resistant than the adult. 


PHYSICAL DIFFERENCES 


We now turn to physical measurements. One 
of the simplest properties of a protein is its solu- 
bility, and the two types of haemoglobin have been 


100 pH 8-3 


pH 7-4 


PERCENTAGE SATURATION 
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FIGURE 10— The oxygen dissociation curve of haemoglobin 

at various pH’s, illustrating the rightward shift as the solu- 

tion becomes more acid. It can be shown by replotting the 

curves, each on a suitable horizontal scale, that they are all 

S-shaped to about the same extent. (After Adair.) 
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FIGURE 11 —Ferroprotohaem—the prosthetic group of haemo- 


globin. In oxyhaemoglobin an oxygen molecule is attached to 
the central iron atom. 


CH 


found to differ most strikingly in this respect. For 
example, foetal cow haemoglobin is over six times 
more soluble in concentrated phosphate buffers 
than is adult [5]. Similar differences have been 
reported for sheep and human haemoglobin. The 
two kinds of haemoglobin also differ in electric 
charge; their isoelectric points are not the same, 
and so it is possible to separate them by electro- 
phoresis. 

Foetal and adult haemoglobins have been 
characterized by the rate of spreading of their 
monolayers on a water surface in the Langmuir 
trough. The quantity measured is the surface area 
occupied by a definite weight of protein under a 
certain pressure, and at a certain time after the 
moment at which the protein is placed on the 
surface. This area is a function of pH; it is a 
maximum at the isoelectric point. But at all values 
of pH the rate of spreading of adult human haemo- 
globin is much greater (nearly ten times) than 
that of foetal [4]. Furthermore the pH at which 
the spreading rate is maximal is different in the 
two cases—a consequence of the difference in iso- 
electric point already mentioned. 

It was stated above that the molecular weight 
of foetal haemoglobin is the same as that of 
adult, viz. about 67,000. This statement is correct 
as far as it goes, but accurate determinations of 
osmotic pressure and of sedimentation-constant 
have shown that in very dilute solutions (below 
about 0-5 per cent.) some haemoglobins split 
reversibly into submolecules. In at least one 
species (the sheep) it has been found that adult 
and foetal haemoglobins behave differently in this 
respect; adult sheep haemoglobin remains unsplit 
even at high dilutions, while the foetal divides into 
two or even four submolecules. 


Foetal haemoglobin 


BIOLOGICAL DIFFERENCES 


One of the most delicate methods for differen- 
tiating between two proteins is to investigate their 
immunological specificities. The protein under 
test is injected into the bloodstream of an animal, 
which is thereby stimulated to produce an anti- 
body protein; this antibody circulates in the serum 
and is capable of reacting with subsequent doses 
of the same foreign protein (or antigen) in a way 
calculated to protect the animal from the ill-effects 
of the latter—for example by forming a precipitate 
with it. Serum containing the antibody may be 
removed from the animal and caused to react 
with the antigen in vitro. As a method of identi- 
fying proteins this property of the living organism 
is of great value owing to its specificity; a foreign 
protein stimulates the formation of an antibody 
which will react with that same protein only, and 
with no other. As a matter of fact this specificity 
is not absolute; but it was quite sufficient in the 
present case to prove that adult and foetal human 
haemoglobins are different, for it was found [6] 
that an antibody produced in an experimental 
animal by the one failed to react with the other, 
and vice versa, though each antibody gave a pre- 
cipitate with its own parent haemoglobin. 
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FIGURE 12-Rate of alkaline denaturation of haemoglobins 
Srom children of various ages, all measured at pH 12-20 and 
25°C. I, from umbilical vein; II, 7-day child; III, 3-month 
child; IV, 7-month child. (After Brinkman and Fonxis.) 
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SOME RECENT RESEARCH 


A few years ago it was suggested to the present 
author by the late Sir Joseph Barcroft that the 
methods of X-ray crystallography might be used to 
study the foetal haemoglobin problem. Indeed, a 
number of earlier investigators had reported that 
the external crystalline forms of adult and of foetal 
haemoglobins of the same animal species were 
different, just as the crystals of adult haemoglobins 
of different species were known to be. In the 
present research the haemoglobins of adult and of 
foetal sheep were used, and it was clear from the 
start that, at any rate externally, the two crystal 
forms were quite dissimilar, adult haemoglobin 
forming triangular plates and foetal haemoglobin 
long, thin needles (see figure 2). It was later shown 
by X-ray methods [7] that the two types of crystal 
differed in symmetry and in space group, the adult 
ones being monoclinic and the foetal ones ortho- 
rhombic; furthermore the dimensions of the unit 
cells and the X-ray diffraction patterns were 
entirely dissimilar (figure 3). The results made it 
quite clear that the two sheep haemoglobins must 
possess different molecular structures. Since then 
it has been found [8] that human adult and foetal 
haemoglobins also differ in crystal form and 
symmetry. 

Very recently a new controversy has sprung up. 
Jonxis [9] has been studying the disease Erythro- 
blastosis foetalis, produced by Rhesus factor incom- 
patibility in new-born babies; its principal effect 
is the destruction of a large proportion of the red 
blood corpuscles, often with fatal results. Jonxis 
believes that the foetal and adult haemoglobins 
do not occur together in the same corpuscle but 
that some corpuscles contain only foetal haemo- 
globin and others only adult; and he claims that 
in this disease the corpuscles containing foetal 
haemoglobin are broken down preferentially, the 
adult ones being more or less unaffected. The 


technique he used to demonstrate this is the rate 
of alkaline denaturation. His findings have now 
been criticized by Baar [10], who claims that the 
selective breakdown of certain corpuscles is due to 
a specific sensitization of those corpuscles by the 
Rhesus factor. 
CONCLUSION 

All these results, obtained by the use of many 
different techniques and with the haemoglobins 
of many different species, leave no room for doubt 
that foetal haemoglobin differs from adult haemo- 
globin of the same species. However, we still have 
no answer to a second and more important prob- 
lem, namely the structural significance of the dif- 
ferences; for that matter we still know next to 
nothing about the significance of the differences 
between adult haemoglobins of different species. 
We do not even know of any differences which are 
entirely characteristic of the foetal forms. Foetal 
haemoglobin generally has a more hyperbolic 
oxygen dissociation curve than adult, but not 
always (e.g. in man); the rate of alkaline de- 
naturation in foetal haemoglobin is in some species 
greater than in adult, in others less. At present it 
seems to be impossible to reduce the chaos to 
order, and we must suppose that most of the 
differences which have been observed are, so to 
say, accidental and irrelevant to the ‘adult’ and 
‘foetal’ function of the haemoglobin. Meanwhile 
there are only a few isolated correlations; for 
example, it has been noted that in species where 
the foetal haemoglobin is less resistant to de- 
naturation its rate of spreading in monolayers is 
greater than that of the adult form. We have no 
idea why this should be so, and it looks as if we 
are unlikely to get very much farther with such 
problems until a solution has been found to a 
much wider and more complicated one—in other 
words, until the general principles of protein 
structure become more clear. © 
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Fungus diseases of fruit 
R. W. MARSH 





Although insects are as a rule the most destructive pests to which fruit trees are exposed, — 
fungus diseases also are important. This is particularly so in Britain, where the growth of © 
fungi is favoured by a humid summer climate. Roots, branches, leaves, and fruit are all 7 
liable to fungal attack. Study of the life-cycles and structures of the various parasites © 
involved is leading to a clear idea of how and when fungicides can most effectively be used. 





The attention paid to a parasite reflects the eco- 
nomic standing of its host. When insects and fungi 
attack the sloe and the crab-apple it is a visitation 
that we bear with equanimity, but the losses oc- 
casioned by parasites affecting our cultivated fruits 
are disheartening to the amateur grower and may 
be disabling to the professional. These attacks are 
often extremely destructive, because the fruit plan- 
tation provides an environment peculiarly favour- 
able for the spreading of epidemics. 

The natural defence mechanisms of plants are 
much less highly organized than those of animals. 
The non-woody organs (leaves, fruits, young 
shoots) are enveloped by a simple cutinized pell- 
icle covering the outer walls of the epidermal cells. 
On the older woody structures this cuticularized 
epidermis is replaced by a periderm composed of 
layers of cork cells regenerated from within by a 
meristematic tissue, the phellogen. If the peri- 
derm becomes disrupted, exposing the thin-walled 
cortical cells under the phellogen, these cells fre- 
quently form a secondary phellogen, giving rise 
to a cork tissue, which may close the gap in the 
protective integument. The woody cylinder form- 
ing the axis of the branch or root is composed of 
specially modified cells unable to regenerate 
wound-cork but sometimes capable of forming a 
barrier by the secretion of gum. 

These mechanical defences of the plant account 
only in part for any resistance it may show to 
parasitic attack. A fungus may gain a lodgment 
beneath the tegumentary layers but fail to make 
progress in parasitizing the plant cells, purely 
because their protoplasmic contents do not sup- 
port the growth of that particular micro-organism. 
The nature of such innate resistance, which exer- 
cises an over-riding effect on the range of patho- 
genicity of the fungus, has not been elucidated. The 
degree of resistance often shows wide differences 
within the varieties of a single species of plant. 

In the breeding and selection of cultivated 


fruits the aim has naturally been the increase and ~ 
improvement of the edible product. Natural 7 
resistance to parasitism has been little prized in © 
comparison with yield. Consequently there is a © 
tendency for cultivated varieties to be more sus- ~ 
ceptible to diseases than their wild congeners. | 
The effects of this susceptibility are magnified by | 
the method of planting. The massing of like trees ~ 
into large blocks is an essential requirement in 
commercial fruit production. In such a system of © 
monoculture a specialized parasite finds an almost — 
unlimited supply of food, permitting its multipli- © 
cation at a rate far outstripping the capacity of | 
natural enemies to hold it in check. In annual 
crops, infestations are commonly arrested by rota- | 
tions, but interruptions of this kind will obviously % 
occur very rarely in the culture of long-lived 7 
perennials such as tree fruits. 

In most of the fruit-growing areas of the world 7 
the major parasites are insect. Fungus diseases of © 
fruit are, however, widespread and numerous: | 
they attain special importance in the United = 
Kingdom, where the growth of fungi is favoured © 
by the humid summer climate. 


ROOT DISEASES 

The duration of life of the British tree fruits— = 
apple, pear, plum, and cherry—may be little less ~ 
than that of soft-wooded forest trees: in conse- 
quence any root infection in an orchard has oppor- } 
tunities of wide extension in both space and time. | 
The suberized layers of the bark normally safe-— 
guard tree roots against soil fungi, but one excep- 
tion to this rule will be cited. The fungus Armill-= 
aria mellea is able to penetrate undamaged roots | 
by driving a papilliform process, sometimes a+ 
quarter of a millimetre in diameter, directly” 
through the bark. The penetration appears to be™ 
effected as a result of combined mechanical and 7 
chemical action. This mass invasion overwhelms © 
the ability of the cortical cells to seal off the’ 
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RE 2 ~ Rhizomorph of Armillaria mellea on a tree rool. F1GURE 3 — Cankers on apple shoots resulting from infection with 
tts inner side the rhizomorph gives off branches which pene- Nectria galligena. 
bark. 
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FIGURE 4 - Mycelial growth of ‘Sphaerotheca mors-uvae 
on fruits of gooseberry. : 


FIGURE 5 — Venturia inaequalis lesion 
causing scab spots on apple fruits. 


FIGURE 6 — Lesion on a green shoot after six days’ growth 
of Venturia inaequalis. The mycelium is passing from the 


FIGURE 7 ~— An infection approximately three weeks® 


The fungus stroma is circumscribed by the normal peri 
subcuticular phase to the invasion of the epidermal cells. formed from the uninfected cells of the epidermis. : 





FIGURE 8 — An infection in late October. The fungus has FIGURE Q — An infection in the following March. D 
spread beneath the bark at the periphery of the lesion. A the winter, subsidiary pustules have formed around and} 
suberized layer is forming in the cortex below the stroma, but the original stroma (now shrivelled). Spores are formtt 


at the right of the section the fungus is spreading beyond this the right-hand pustule, which has disrupted the bark. 
barrier. 


(Figures 6-9 are reproduced by permission of the Journal of Pomology and Horticultural Science.) 
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) affected tissue, and the fungus continues its pro- 
| gress, destroying the interior of the root. When 
© the growth of Armillaria has so far extended as to 
© encircle the base of the trunk, the tree dies. The 
parasite then produces its fructifications at ground 
level—clumps of tawny-coloured toadstools, from 
| which it derives its name of Honey Fungus (figures 
' 1and 2). 

With the possible exception of the pear, all the 
fruit trees or bushes grown in the United Kingdom 
are susceptible to attack by Armillaria mellea. ‘The 
cider orchards in the west of England show fre- 
quent examples of its ravages, particularly where 
tenancy agreements compel the farmer to plant a 
tree in a spot where wreaths of toadstools mark 
the grave of its predecessor. In commercial plan- 
tations the likelihood of introducing the fungus is 
small. There are instances where planting on 
cleared woodland or on the site of a hedge leads 
to outbreaks of root rot. Fortunately the fungus 
grows slowly, and prompt eradication of infected 
trees is normally an adequate safeguard against 
further spread. One problem still awaiting solu- 
tion is the provision of a practicable method of 
| freeing the soil from infestation. 


DISEASES OF THE TRUNK AND BRANCHES 


In the fungus diseases affecting the above- 
ground portions of the tree, the inoculum must 
necessarily be airborne. Commonly it takes the 
form of minute spores liberated in vast numbers 
from the fungus fructifications. As these spores 
fall in still air at a rate of approximately 1 cm per 
second they are widely disseminated by air cur- 
rents, with the result that the trees in a fruit 
plantation frequently exist in an atmosphere 
charged with potential infection. The ability of 
the spores to initiate infection depends on the 
simultaneous occurrence of a number of circum- 
stances favouring the parasite. For example, 
Stereum purpureum, the fungus causing silver leaf of 
plums and other members of the Rosaceae, can 
grow only in the older woody tissues of the tree. 
‘The spore cannot infect leaves or young shoots 
and is unable to bring about penetration of un- 
damaged bark. It can initiate infection only when 
a broken branch or a pruning cut exposes an un- 
protected wood surface. A spore of Stereum pur- 
pureum reaching such a freshly made wound is 
sucked back into the exposed wood vessels, where 
it germinates, giving rise to a mycelium which 
Spreads in the wood. A toxin produced by the 
infected tissues is carried to the leaves, where it 
Causes the epidermal cells to split away from the 
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tissues below. The air space thus formed imparts 
to the leaves the silvery sheen from which the 
disease is named. The fungus may continue its 
spread in the wood and eventually kill all or part 
of the tree, producing on the dead limbs. the 
purple bracket-like fructifications which give rise 
to the next spore generation. 

This progress of infection in on leaf disease 
may be altered by the reaction of the host. Professor 
F. T. Brooks and his co-workers found that the 
growth of the parasite was sometimes arrested by 
a ‘gum barrier’ produced in the wood. Further, 
during the months of June, July, and August this 
gum barrier forms with sufficient rapidity below an 
exposed surface to bar the entrance of the fungus. 
In addition to this seasonal effect there are also 
wide varietal differences. Many plum varieties 
show the power of natural recovery from silver leaf 
attack, and the disease, although still. dangerous 
on certain varieties, is now much less feared than 
in the inter-war years. 

A further stage in the augmenting of paths of 
infection is shown by the life-cycle of Nectria 
galligena, the fungus causing canker of apple and 
pear. NV. galligena mainly parasitizes the woody 
tissues, but it also invades the cortex and can 
develop to a limited extent on the fruit. Like 
Stereum purpureum it is a wound parasite, but the 
Nectria spores can infect not only gross wounds, 
such as broken branches and pruning cuts, but the 
minute crevices occurring in the leaf scars on the 
shoots. When the leaf is shed, the exposed tissue 
of the scar dries and cracks. Neciria spores lodging 
in the cavities readily germinate, to form hyphae 
penetrating the cortical cells of the shoot. In the 
autumn months these cells are relatively inactive 
and often fail to form a phellogen in time to limit 
the growth of the fungus. A second phase of 
infection occurs in the spring, when the paths of 
entry are the bark-cracks that accompany the 
swelling of the buds. 

The growth of the canker fungus may girdle a 
young shoot within a few weeks and bring about 
the death of the distal portion. On older branches 
the canker forms a lenticular lesion, on the margin 
of which cork barriers are laid down in the cortex. 
The ability of the fungus to invade the cells of the 
wood enables it to outflank these barriers, and 
repetition of this sequence gives the canker its 
corrugated surface (figure 3). Between the succes- 
sive ridges the fructifications of the fungus appear, 
first as naked masses of summer spores (conidia), 
then as red thick-walled perithecia enclosing 
the winter spores (ascospores). The conidia are 
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dispersed by spattering in wind-blown rain: the 
ascospores are shot out to a distance of 3 cm-and 
disseminated by air currents. The overlapping of 
production of the two forms of spores maintains 
a supply of inoculum throughout the year. 

While in combating the silver leaf disease it is 
practicable to treat wounds and pruning cuts 
individually with a protective paint, such treat- 
ment is not applicable to the innumerable micro- 
scopic ports of entry of the canker fungus. A 
limited degree of protection has been conferred on 
leaf scars in young trees by autumn and spring 
spraying with copper-containing fungicide, but 
the more hopeful methods of checking canker 
appear to lie in the buttressing of the natural 
defence mechanisms of the tree. The varietal 
range of susceptibility to canker is a wide one. 
Apple trees of the variety Bramley’s Seedling, for 
example, will remain almost free from infection 
on a site where trees of James Grieve are rapidly 
killed. This inherent varietal resistance may be 
modified by habitat: trees on heavy clay soils or 
those receiving a high level of nitrogenous manur- 
ing are specially prone to canker. The nitrogen 
uptake of a tree is amenable to control, and a 
frequently successful practical device for reducing 
canker attack is the grassing-down of the apple 
plantation. 


DISEASES AFFECTING LEAVES AND FRUIT 


The appearance of the reproductive stage in 
fungi often marks the end of a phase of vegetative 
growth. In the wood-infecting species vegetative 
growth may be prolonged, with the consequence 
that the parasite spreads relatively slowly from 
tree to tree. By contrast, a foliage-infecting fungus, 
rapidly exhausting the limited resources of an 
individual leaf, starts spore production after a 
very brief vegetative phase. These spores spread 
infection to other leaves of the same host, providing 
the means for extensive multiplication and spread 
within a single summer. 

The parasitism of the leaf fungi is much less 
sporadic than that of the wood pathogens. Com- 
monly it is an annual recurrence which, in com- 
mercial fruit-growing, must be combated by 
routine protective treatments. In the absence of 
these measures epidemic outbreaks of disease are 
inevitable. 

An example of such epidemic spread is afforded 
by the American mildew of the gooseberry, caused 
by Sphaerotheca mors-uvae. This imported parasite 
reached Ireland in 1900 and England about 1906. 
On the leaves it forms a felt of mycelium, with 
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haustoria below penetrating the epidermal cells, 
and chains of spores above. Later the fruits and 
shoot tips are similarly disfigured, the fungal 
coating becoming darker with age (figure 4). In 
this mycelial layer on the shoot-tips are produced 
the perithecia, which endure throughout the winter 
and give rise to the ascospores responsible for re- 
newing the infection in spring. 

As goon as the American mildew reached the 
British Isles its importance was realized by Pro- 
fessor E. S. Salmon, who pressed for legislative 
measures to safeguard the gooseberry crop. In 1907 
the Destructive Insects and Pests Act, the first Eng- 
lish statute aimed against a fungus disease, became 
law. Under this act orders were made for the 
compulsory destruction of diseased bushes, but as 
no provision was made for State compensation the 
orders proved unworkable. The 1907 Act did, 
however, provide the basis for many subsequent 
orders, which now form an essential element in 
the resources available for plant disease control. 

American mildew was eventually curbed by the 
use of chemical therapeutics. The basic difficulty 
in the use on higher plants of materials toxic to 
fungi is that the fungus itself is a plant and conse- 
quently the difference in levels of toxicity to host 
and to parasite is often small. It is not generally 
practicable to kill a fungus once it is within the 
plant tissue, but by applying a fungicide to the 
exterior of the plant the entry of the parasite may 
be prevented. Protectant fungicides for outdoor 
use in a wet climate must necessarily be highly 
insoluble, but the germination of the spore lodging 
on the treated surface is inhibited by the soluble 
products arising from the reaction between the 
prophylactic and the spore excretions. 

The fungicides used on the gooseberry plant are 
commonly sulphur and polysulphides. A compli- 
cating factor is that reactions between the goose- 
berry foliage and the sulphur may occur, some- 
times with phytocidal effect. Certain of the 
choicer dessert varieties are readily defoliated by 
contact with any form of sulphur, but the mecha- 
nism of this effect remains obscure. 

The fungus disease of greatest economic im- 
portance in British fruit-growing is that caused by 
the apple scab fungus Venturia inaequalis. This 
manifests itself in summer by dark powdery spots 
on leaves and fruits (figure 5). These blemishes 
are not more than skin deep: the fungus spreads 
beneath the cuticle but does not penetrate the 
epidermal cells. When, however, in late summer 
infections reach the young green shoots, the 
morphological structure of the lesion is profoundly 
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affected by the development of the periderm. As 
the normal formation of the phellogen starts, 
Venturia inaequalis becomes more actively parasitic 
and invades the meristematic epidermal cells 
(figure 6). Meanwhile the surrounding healthy 
epidermis is being replaced by the periderm, and 
a stage is soon reached at which the growth of the 
parasite is circumscribed by the newly formed 
external cork (figure 7). Beneath these cork cells 
the thin-walled phellogen remains active, and by 
invading this tissue the fungus extends its growth. 
Thus the infection becomes established under the 
protection of the bark (figure 8). 

Venturia inaequalis grows even at 5° C, and is 
able to build up during the winter an annular 
stroma under the bark surrounding the original 
lesion. Increase in thickness of this stroma rup- 
tures the bark in spring, disclosing a spore-bearing 
layer immediately beneath (figure 9). 

The spores of the apple scab fungus are not 
dispersed by dry wind, but rain loosens their 
attachment to the stroma and they are dissemi- 
nated in the wind-blown drops. If a spore lodges 
on an unsprayed apple leaf and remains wet for 
approximately six hours, it germinates and sends 
an infection thread directly into the cuticle. 
Within three weeks the lesion on the leaf may 
produce spores which infect more leaves, then 
fruit, and eventually the current year’s shoots. 
This cycle is not the only means of perpetuation 
of the fungus: it persists during the winter in the 
fallen leaves, where it produces ascospores, which 
are shot into the air during wet periods in the 
spring. 

Rain is indispensable to the establishment and 
dissemination of the scab fungus: in the high- 
rainfall areas of this country the disease is so 
favoured that commercial apple production be- 
comes impossible. Elsewhere scab is fought by 
spray treatments employing the same principles 
of leaf and fruit protection as those described for 
American gooseberry mildew. In the apple, the 
period between bud-burst and fruit-maturity is 
much longer than in the gooseberry, and the spray 
programme is correspondingly more protracted. 
If all the susceptible organs of a tree are given a 
complete spray covering in early summer, the 
continued unfolding of new leaves will soon supply 


more unprotected surfaces liable to infection 
during wet periods. The ideal timing of spray 
applications to anticipate rainfall by approxi- 
mately twenty-four hours would be feasible only 
if rainfall could be accurately forecast at least two 
days in advance. Under English conditions some 
other basis for the choice of dates of spray applica- 
tion must be found. The greatest danger of scab 
infection occurs, first, in the month before blossom- 
ing, when the flower trusses and adjacent leaves 
are expanding, and, second, at the petal-fall 
period, when the extension shoots and the young 
fruits are both developing rapidly. Three or four 
tenacious fungicidal spray deposits, spanning the 
interval between mid-April and late June, are the 
normal requirements for successful control. 

The fungicide in general use is lime-sulphur 
(sulphur dissolved in a mixture of calcium poly- 
sulphides), applied by spraying in weak aqueous 
solution (1-3 per cent.). In general, the natural 
draining-off of surplus spray liquid from the 
leaves furnishes a safeguard against damage by 
excessive deposit. As this method involves the use 
of at least 14 tons of water per acre for each 
spraying, attempts are being made to replace 
water-borne sprays by the use of concentrated 
fungicides dispersed as droplets in large volumes 
of air. Such an air-blast application would possess 
no inherent safeguard against overdeposition and 
is dependent on the adoption of fungicides less 
phytotoxic than lime-sulphur. A. satisfactory 
material might be found among the numerous 


_ recently developed organic fungicides, which in- 


clude derivatives of thiocarbamates, quinones, 
quinolines, and imidazolines. 

The adoption of air-dispersed sprays would 
demand further modification of the spacing of 
plantation trees, already much changed in the 
past twenty-five years by the requirements of the 
conventional methods of spraying. Choice of 
varieties in large-scale fruit growing has long been 
limited to those on which the control of parasites 
is practicable. The necessity for checking the 
spread of fungus diseases, added to that of con- 
trolling insect pests, is the largest single factor in 
determining the annual maintenance cost of a 
commercial plantation, and now exerts a profound 
influence on the whole pattern of fruit production. 


Recent developments in the chemistry 


of perfumes 
R. W. MONCRIEFF 





With the advance of exact knowledge, many an empirical art has become a branch of applied 
science. This metamorphosis is now occurring in perfumery. Until comparatively recently 
all perfumes were obtained from natural sources, and their successful extraction and blending 
_were the closely guarded secrets of a few families. Nowadays chemistry is probing the secrets 
of smell, analysing and synthesizing Nature’s perfumes, and evolving new products for the 
use of the perfumer’s skill. Some of the most important developments are here described. 





Much the greatest part of any perfume as pur- 
chased ready for use is a diluent. Substances 
which are powerfully odorous are generally only 
slightly soluble in water, but are readily soluble in 
fatty liquids and in some other organic solvents. 
This is understandable, because in order to stimu- 
late the olfactory sense the odorous substance must 
be able to dissolve in the lipoid or fatty tissues in 
the olfactory cleft high up in the nose. It is true, 
of course, that the powerful odorants used in 
making perfumes are not applied in the liquid 
form to the interior of the nose; they are, however, 
invariably volatile, and particles or droplets of 
them find their way into the nasal orifices of any- 
one near, who consequently experiences the sense 
of smell. The substances used in perfumery have 
such very powerful odours that they have to be 
diluted very considerably when compounded in 
perfumes, and the substance used as a diluent in 
the old days was olive oil. Perfumes made with an 
olive oil base are known as Auiles antiques. Olive oil 
is suitable for this purpose in so far as it is a good 
solvent for many powerful odorants, particularly 
for the natural essential oils of flowers, and itself 
has onlya bland odour. It has, however, been super- 
seded as a perfume diluent by ethyl alcohol, which 
possesses the following advantages over olive oil: 
1. Itis colourless, and the perfumer may thus give 
any desired colour to his product. 
. It is completely volatile and leaves no residue, 
so is very suitable for application to clothing. 
. Its odour is pleasant and stimulating but not 
sufficiently strong to interfere with that of the 
perfume. 
. Itisa better solvent for somie perfume materials 
than olive oil. 


. It is not subject to cloudiness on cooling as is 
olive oil. 


One might add that the use of olive oil in the 
manufacture of perfumes would almost certainly 
not be permitted at the present day, in view of the 
world shortage of edible fats. 

Of recent years considerable use has also been 
made of isopropyl alcohol since it became avail- 
able in large quantities, its main advantage lying 
in its freedom from excise duty. Its odour is unfor- 
tunately much more obtrusive than that of ethyl 
alcohol and not nearly so pleasant, so that its use 
has been confined to the less expensive kinds of 
perfumes and in particular to cheap products of 
the eau-de-Cologne type. 


ANIMAL PERFUME MATERIALS 

As far back as the history of perfumery goes, 
extensive use has been made of certain animal pro- 
ducts of sexual function, notably musk and civet. 
The male musk deer, Moschus moschiferus, a harm- 
less night-wandering inhabitant of the rhododen- 
dron thickets of the Himalayas, carries a sac about 
the size of an orange in the front of the abdomen, 
and this sac fills with a substance rather like moist 
gingerbread in consistency. The deer is killed, the 
sac is removed and dried, perhaps in the sun, and 
the contents are sold as ‘musk in the pod.’ In 
nature the function of the powerfully odorous 


musk is to guide the female to the male. Musk has - 


a soporific effect and also, as has been found 
recently, a hormone-like action in stimulating 
male sex-activity. It is also a powerful fixative for 


vegetable perfumes, i.e. it makes them more per- 


sistent. Women almost invariably prefer perfumes 
that contain musk. 

Civet is obtained from the civet cat, Viverra 
civetta, both sexes having a glandular secretion 
near the genital organs. As the civet can be 
spooned out without hurt to the animal, the cats 
are kept in captivity, and it is said that they are 
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teased to stimulate the production of more civet. 
Civet has an odour that is partly musky but also 
disgustingly faecal; it is remarkable that in highly 
diluted alcoholic solutions it should have a sweet 
odour. Like musk, civet is a powerful fixative. 

Either musk or civet 
has been a sine qua non 
of good perfumes until 
very recently, and it was 
during an investigation 
of these products that 
the most striking developments were made in the 
chemistry of perfume materials. 

In 1926 Ruzicka succeeded in isolating the 
essential odoriferous constituent of natural musk; 
it proved to be a ketone, to which the name mus- 
cone was given. Ruzicka was able to determine 
the structure of this ketone as 3-methyl cyclopenta- 
decanone. Here was an amazing discovery, for 
hitherto it had been believed that such large car- 
bon atom rings were highly unstable. Benzene 
with its six-carbon atom ring is very stable, and 
cyclic compounds containing as many as eight ring- 
carbon atoms were well known, but it was believed 
that as the number of carbon atoms in the ring 
increased the stability rapidly decreased. Up to 
1926 any organic chemist confronted with the 
task of preparing a compound containing a ring 
of fifteen carbon atoms would have unhesitatingly 
rejected it as impossible; yet Ruzicka found that 
muscone, the odoriferous essential of musk, which 
had been widely known and used for thousands of 
years, incorporated such a ring. More than that, 
he subsequently synthesized it. Turning his atten- 
tion to civet, he isolated the essential odoriferous 
constituent—another ketone, which he termed 
civetone and which proved to be A®-cyclohepta- 
decenone, that is, it contained a seventeen-carbon 
atom ring. This most unusual macrocyclic carbon 
ring structure may perhaps have been reserved by 
Nature for the special function of sex attraction. 


CH(CH,).CH, 


(cH 2)1s —CO 


Muscone 


MACROCYCLIC SYNTHETICS 


Once the door had been opened by the masterly 
researches of Ruzicka, and the two oldest and most 
valued perfume materials had been identified and 
synthesized, a large number of synthetic materials 
similar in general structure to muscone and cive- 
tone, but not found in nature, soon made their 
appearance. Two such substances, Exaltone and 
Exaltolide, have been marketed on account of 
their beautiful musk-like odours. Exaltone is 
cyclopentadecanone, a cyclic ketone with a fifteen- 
carbon ring, and Exaltolide is pentadecanolac- 


CH:CH(CH,), 
| 


(CH,),—CO 


tone, the internal anhydride of «w-hydroxypenta- 
decanoic acid. The structural formulae of these 
substances show the very striking resemblance 
between the natural muscone and civetone and the 
new synthetics: 
(CH,),;s—CH, rey 
CH, 


CH, co 
Exaltolide 


Civetone Exaltone 


In the years that followed Ruzicka’s interesting 
discoveries many other macrocyclic compounds 
were synthesized, or were found in natural pro- 
ducts such as angelica root oil, but the next major 
advance came from Hill and Carothers. They 


_ investigated the influence of ring size on the odour 


of macrocyclic ketones, lactones, anhydrides, and 
carbonates. Of these, the lactones and the ketones 
had the finest and most useful odours, and it is 
instructive to note how the odour changed with 
increasing ring size. This is shown in the following 
table. 





Ketone 
 Seauaacns | 


(CH), co 
| a | 


Total Atoms in 
Ring 
(carbon and 

" oxygen) 





Bitter almonds, 
menthol 

Bitter almonds, 
menthol 

Transitional 

Transitional 

Camphoraceous 

Cedar wood, 
musky when 
dilute 

Musk 

Pine musk 

Transitional 

Civet 

Faint civet 

Faint 


Faint spicy, floral 


13 


14 
15 
16 
17 
18 
19 

















It seems clear that the musk odour reaches a 
maximum at 15-16 atoms in the ring. Many 
macrocyclic esters were prepared by Carothers, 
and, in their case too, members with fifteen-atom 
rings, such as undecamethylene oxalate and ethy- 
lene undecanedicarboxylate, had musk-like odours. 

These researches have revealed the existence of 
natural products containing large rings of 15-17 car- 
bon atoms, have made it possible for the perfumer 
to obtain in a pure state the active constituents of 
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musk and civet which normally contain only 1-2 
per cent. of active ketone, and should make un- 
necessary the destruction of the musk deer. At 
the same time they have enormously increased the 
range of sex-attractive materials at the disposal 
of the perfumer. 


VIOLET PERFUMES 

The smell of violets has always been esteemed, 
perhaps partly because of its elusive quality. We 
gently smell the flowers and are enchanted; but 
plunge our nose into a bunch, and the odour has 
gone. Rimmel, who classified the pleasant odours 
according to their empirical likenesses, grouped 
orris root, cassie, and mignonette with violets The 
violet odour is indeed found in orris root, and, 
owing to the extreme difficulty of obtaining any 
considerable quantity of oil from violet flowers, 
Tiemann and Kriiger in i893 isolated the active 
odoriferous principle from orris root, the dried 
rhizomes of Iris florentina. Irone, the active prin- 
ciple, proved to be a ketone, and although the 
generalities of its constitution have long been 
understood there have until very recently been 
uncertainties about its exact structure. The Octo- 
ber 1947 issue of Helvetica Chimica Acta contained a 
paper by Ruzicka, written in collaboration with 
some of the chemists of Firmenich et Cie. (late 
Chuit Naef et Cie.), in which a synthesis of irone 
is described, and very curiously the same issue 
contains another paper by Naves and his colla- 
borators, of L. Givaudan et Cie., describing the 
same synthesis by a very similar route. It is 
strange that a problem of perfume chemistry which 
engaged the active attention of perfumery chemists 
for fifty years should have been solved simultane- 
ously and independently by two schools of workers. 
Irone, which had until quite recently been sus- 
pected of having a seven-carbon atom ring, proves 
to have the much more common six-carbon ring. 
Two isomers, known as a-irone and y-irone, have 
been synthesized, and their constitutions are as 
follows (cf. EnpEavour, VIII, p. 27, 1949): 


CH, CH, 


‘> 
4™N 
cH GH.CH:CH.CO.CH, CH, CH “CH.CH:CH.CO.CH, 
* CH, :CH, 


1. CCH, 
NZ Né. 
a-irone Y-irone 
Now that irone has been synthesized it may be 
used to a much greater extent in compounding 
violet perfumes, but meanwhile many other in- 
teresting products with different nuances of the 


violet odour have been prepared and employed. 

Tiemann and Kriiger came very close to the 
synthesis of irone when they attempted to make it 
from citral and acetone. They actually obtained 
the ionones, the constitution of which, long known, 
is very similar to that of irone: 


CH, CH, CH, CH, 


\Z . 


4 
CH, CH.CH:CH.CO.CH, CH 
CH, fr 


CH 


(-.CH:CH.CO.CH, 


i : 

- GH, CCH, 
6 
CH, 


c-ionone -ionone 

The ionones have violet odours, a-ionone a 
sweet odour similar to orris root and B-ionone one 
nearer to natural violet. Practically all violet per- 
fumes, especially those of lower price, contain 
ionones. The better qualities also contain a trace 
of true violet-leaf oil, of which the active constitu- 
ent is 2:6-nonadienal, an unsaturated straight- 
chain aldehyde. 

A typical member of a most interesting series 
of acetylenic esters, discovered by Moureu and 
Delange, is methyl heptin-carboxylate, 


C,H,,.C : C.COOCH,. 


It possesses a fine and persistent fragrance of 
violets when suitably diluted, but when concen- 
trated its odour is strong, sharp, penetrating, and 
disagreeable. It has been extensively used in per- 
fumes of many kinds and is almost invariably used 
in all but the cheapest violet perfumes. A homo- 
logue, ethyl decin-carboxylate, which has recently 
appeared, has a mignonette and leafy odour and 
is less pungent than the heptin-carboxylates. 

Another substance which unexpectedly has an 
odour of violets is y-propyl-pyridine. When it is 
remembered that pyridine itself has a rank, un- 
pleasant smell, this may be taken as an illustration 
of the difficulty that attends the correlation of 
odour with chemical constitution. A further 
example is a-propyl-pyridine, which has a general 
flowery odour with no particular resemblance to 
violets. 


ACETALS AND KETALS 


Aldehydes constitute one of the most important 
classes of perfumery compounds. One has only to 
think of a-amyl cinnamaldehyde, known as jasmin 
aldehyde; of piperonal with its cherry-pie odour; 
of anisic aldehyde or aubépine with its hawthorn 
odour; of vanillin; or of hydroxycitronellal, a valu- 
able synthetic in which citroncllal hydrate pre- 
dominates and which has a fine lily-of-the-valley 
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odour. Lauric aldehyde, made from coconut oil, 
has such a powerful high note that it is used, in 
traces only, to supply the distinctive tone of almost 
every well-known perfume of the modern French 
type. The aldehyde group has such brilliant osmo- 
phoric qualities that one might inquire why 
in perfumery aldehydes are normally converted 
into acetals. The answer is that aldehydes are 
unstable, subject to atmospheric oxidation, and 
liable to polymerize. The acetals are generally of 
higher boiling-point than the corresponding alde- 
hydes, and this makes them more persistent as per- 
fume constituents; they are also very much more 
stable. Acetal formation consists of protecting the 
aldehyde group by reaction with an alcohol, e.g.: 


RCHO + 2EtOH -> RCH(OEt), + H,0O. 
aldehyde a/cohol acetal 


Semi-acetals may also be made according to the 
reaction: 


RCHO + EtOH -> RCH 
7 ieee Se eae 


semi-acetal 


aldehyde alcohol 


As an example of their use we may consider p-iso- 
propyl - a- methyl - hydrocinnamaldehyde, which 
has an intense blossomy cyclamen-like perfume, 
but which on exposure to the atmosphere for twelve 
days oxidizes to the extent of some two-thirds, the 
odour becoming weak and sour. When the alde- 
hyde is converted into the semi-acetal the odour is 
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Aldehyde or Odour of Acetal 
Ketone Aleshet or Ketal 
Phenyl Ethylene glycol Rose 
acetaldehyde 
Phenyl 1, 2-Dihydroxy Hyacinth 
acetaldehyde butane 
Phenyl 2, 4-Dihydroxy-4- | Mignonette 
acetaldehyde methyl pentane 
Heptaldehyde | Glycerol Mushroom 
Hydratropic Ethylene glycol Fine odour of 
aldehyde earth and mush- 
room 
Hydratropic 2, 4-Dihydroxy-4- | Herbaceous, 
aldehyde methyl pentane mignonette 
Cinnamal- Ethylene glycol Agreeable, like oil 
dehyde of cinnamon 
Di-isopropyl- Catechol Rose-geranium 
ketone 
Di-isobutyl Catechol Honey 
ketone 
Methyl amyl Catechol Jasmin 
ketone 

















retained and is not appreciably changed on similar 
exposure to air. 

In a similar way ketals may be prepared from 
ketones and an alcohol. Very interesting per- 
fumery materials are to be found among these 
acetals and ketals, particularly when the alcohols 
used are dihydric (glycols). The above combina- 
tions well illustrate the variety of odours that may 
be obtained, and it should be remembered that the 
field is still largely unexplored and probably fertile. 
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CHEMISTRY DURING 1947 
Annual Reports on the Progress of 
Chemistry for 1947. Vol. XLIV. Pp. 
327. The Chemical Society, London. 1948. 
20s. net. 

Since 1904 The Chemical Society has 
rendered a valuable service to chemists 
by the publication of its Annual Reports. 
Some two years ago the Society began 
a new venture, Quarterly Reviews, in 
the hope that it would enable chemists 
to keep up to date. In some spheres 
there was a feeling that with Quarterly 
Reviews the need for Annual Reports 
had ceased. Actually there is a place 
for both publications, and a survey of 


the contents of the volume under review 
makes this quite clear. 

In the section devoted to General and 
Physical Chemistry there are excellent 
articles on the kinetics of electrode pro- 
cesses and on far ultra-violet spectra and 
related topics. The topics dealt with in 
Inorganic Chemistry remind us that 
this subject is changing from a descrip- 
tive and preparative science to one con- 
cerned with valency, structure, and 
reaction mechanisms. Recent work on 
organic compounds containing fluorine, 
and recent advances in aromatic chemis- 
try, are discussed in the section dealing 
with organic chemistry. Modern work 
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on the terpenes is also reported, and 
further developments in the steroid field 
are described. Results of outstanding 
chemical and biological interest are 
summarized in an account of mar- 
rianolic and doisynolic acids. 

In the thirty-eight pages devoted to 
biochemistry topics are selected which, 
notwithstanding their importance, have 
been inadequately reviewed elsewhere. 
This underlines one important function 
of the present volume. Finally a series of 
interesting articles under the general 
heading of Analytical Chemistry com- 
pletes a publication which should be in 
the hands of every chemist. 

W. WARDLAW 
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HISTORY OF ALCHEMY 


Ambix: The Journal of the Society for 
the Study of Alchemy and Early Che- 
mistry, edited by F. Sherwood Taylor. Vol. 
III, Nos. 1 and 2. Pp. 67. Taylor and 
Francis Limited, London. 1948. 48s. net. 


The Society for the Study of Alchemy 
and Early Chemistry has as its object 
the scientific and historical study of the 
branches of learning named in its title. 
Meetings are held for the reading of 
papers or for discussions. The annual 
subscription is £2 2s. and should be 
sent to the Hon. Treasurer, Denis I. 
Duveen, F.R.I.C., c/o Ashe Labora- 
tories Limited, 120 Victoria Street, 
London, S.W.1. Members of the 
Society receive the journal Ambix free 
of charge. The subscription to non- 
members, libraries, and institutions for 
one year (four issues) is 48s. post free; 
it should be sent to Messrs. Taylor and 
Francis Limited, Red Lion Court, 
Fleet Street, London, E.C.4. Applica- 
tions for membership of the Society 
should be made to the Hon. Secretary, 
Dr S. F. Mason, Museum of the History 
of Science, Broad Street, Oxford. The 
present issue of Ambix contains articles 
on ‘Chemical and Technological 
References in Plutarch’ by E. O. von 
Lippmann, ‘Rhetorical and Religious 
Aspects of Greek Alchemy’ by C. A. 
Browne, Le Livre de la Trés Sainte Trinité 
by D. I. Duveen, ‘The Chemical Work 
of Paracelsus’ by T. P. Sherlock, and a 
review of C. G. Jung’s book Psychologie 
und Alchemie by G. Heym. The 
Plutarch article will bring to many 
readers of ENDEAVOUR warm recollec- 
tions of Edmund von Lippmann, 
whose death in 1941 deprived the 
world of learning of a genial and 
accomplished scholar; von Lippmann 
was always ready to place his vast 
store of knowledge at the disposal of 
other students, and was charmingly 
modest about his own achievements. 
His book Die Entstehung und Ausbreitung 
der Alchemie must long remain invaluable 
to all serious historians of early 
chemistry. Sherlock’s article, too, is 
unhappily posthumous; it supports 
Darmstadter’s view that Paracelsus is 
not to be regarded as one who freed 
chemistry from the chains of alchemy 
or as a modern experimenter, but that 
his real contribution to the progress 
of chemistry is in the new direction 
that he gave to its activities in con- 
sequence of his whole philosophic 
outlook. Sherlock believed, however 
(and many will believe with him), 
that there remains a doubt as to 


whether Paracelsus really had quite as 
systematized a philosophy as Darm- 
stadter attributes to him. Certainly 
Paracelsus performed a very great 
service in presenting the world, for the 
first time, with something like a system 
of chemistry, extending the scope of the 
science to the sum total of all operations 
by which man modifies the materials 
around him. 

The Society for the Study of Alchemy 
and Early Chemistry is to be congratu- 
lated upon the very valuabie work that 
it is doing, and deserves the active 
support of all those interested in the 
history of science. 


X-RAY CRYSTALLOGRAPHY 
Fourier Technique in X-ray Organic 
Structure Analysis, by A. D. Booth. Pp. 
106, with several half-tones and line draw- 
ings. Cambridge University Press. 1948. 
12s. 6d. net. 

About twenty-five years ago the pos- 
sibility was seen of reconstructing the 
atomic arrangement of solids by insert- 
ing the intensities of the diffracted X-ray 
beams into a Fourier summation. Since 
that time great progress has been made, 
both as regards the basic principles of 
the method and in the technique of cal- 
culation. This progress is described in 
numerous publications scattered among 
a diversity of journals, but the author 
of this book has compressed into a 
hundred pages a fairly complete literary 
survey, providing the first compre- 
hensive account of the methods avail- 
able. Also, included are valuable con- 
tributions by the author himself, made 
duringa prolonged studyofthis problem. 

The description of how to obtain and 
measure the diffracted X-ray beams is 
left to the many existing accounts of this 
subject, and, after a brief description of 
the scattering of X-rays by crystalline 
matter, the present volume is devoted 
entirely to the handling of such values 
once they have been obtained and suit- 
ably corrected. 

The essentials and limitations of all 
the possible Fourier representations are 
discussed, and simple numerical exam- 
ples are given to facilitate the reader’s 
progress. Nearly half the book is de- 
voted to a description of methods and 
machines for carrying out the laborious 
computation involved, and it is felt that 
this section will do much to encourage 
those to whom the difficulties of such a 
procedure seem at first to be insur- 
mountable. Throughout, the work 
stresses the importance of the accuracy 
with which atomic position can be ‘fixed’ 
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within the structure, this knowledge’ 
being essential when information is” 
sought regarding the chemical nature o 
the bonding. ; 
The reader is assumed to have a basi¢ 
knowledge of geometrical crystallo-" 
graphy and the theory of space-groups, 
and this may present some difficulty to’ 
the student from other branches of 
science. The diagrams are well pro- 
duced and the contents adequately in- 
dexed; it is certain that the book will 
be welcomed by all engaged in this’ 
specialized field. H. F. KAY 


THE CAUSES OF FLOWERING | 
Vernalization and Photoperiodism, a 
Symposium, by A. E. Murneek and R. OF 
Whyte, assisted by thirteen others. Pp. viii. 
+ 196, with 12 plates and 26 figures.” 
Chronica Botanica Co., Waltham, Mass. 
1948. 255. net. 

The phenomena of veritas and 
photoperiodism were first precisely des- 
cribed, within a few months of each ¥ 
other, some thirty years ago. Since then | 
a great deal of work has been done on™ 
both phenomena, yet neither of them is = 
properly understood. During the war, | 
in the United States, Britain, Germany, 
Belgium, and the Soviet Union experi” 
mental botanists were independently” 
working on the causes of flowering.” 
When the flow of scientific information ” 
between countries was resumed: it was” 
evident that great advances had beam 
made, often converging toward the same” 
conclusions, by men who had knowal 
nothing of each other’s work. j 

This symposium, which is due to the” 
energy and enterprise of Dr. Verdoon, 4 
of the Chronica Botanica Press, brings? 
together the results of some recent work) 
and puts them against the background 
of the last thirty years. There are chap= 
ters on the history of vernalization an | 
photoperiodism, from which it appears) 
that both were adumbrated nearly @ 
century ago. K. C. Hamner writes off 
hormones in relation to flower produc 
tion; H. A. Borthwick on the effects 6 
radiation of different wavelengths; R. Hy 
Roberts on anatomical changes associ 
ted with flowering; F. W. Went o 
thermoperiodicity; A. Lang on the 
genetics of photoperiodism; and there 
a brief but inadequate outline by 
Binning of his fascinating theory 
endogenous rhythms. It is a pity thi 
F. G. Gregory was not persuaded t 
write on vernalization, and R. Hardé 
on his work on Kalanchoe. The bos 
maintains a high standard of a 

E. ASH 
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